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June 20, 2007, the contents of which are incorporated
by reference in their entirety. BACKGROUND The
Si | ent | nf or magirabnReQLb@ireNc (19 R zdm@ih ot s0torR0RSs
represents a highly conserved group of genes present
in the genones of organi sns ranging from
10archaebacteria to a variety of eukaryotes (Frye,
2000). The encoded SIR proteins are involved in

REEATEDN AFHIRESTIORY regul ati on of gene silencing to
DNA repair. The proteins encoded by nenbers of the SIR

gene fHnb hgplzation blaghs ﬁ@d&%ﬁﬁfeofdéﬁs er’mwm AppligatiggNo.

AR By SRR, 1 LBl IR B AR fprrnc

1A tedit @frety9 HM [oci that contain 15i nfornation
speci fying yeast mating type, telonere position
eBA@K@R&U;NEeI | agi ng (CQuarente, 1999; Kaeberlein et

o o BP0 RS b BB i

ldﬁ)nﬁt%d? ﬁ 02 Q6Mks p%k!éhﬁ‘m tROQEHomekhs oﬁgafnZSﬂiwﬁﬁgmg from
CobB, in Saf,rmnel la typhimurium functions as

NAD
(Fichasbacierrd lee vaaeh plcCukiapatesd by e 2900)e Bhe @&wed SIR proteins arc
Agg%lgg#)&s(%/ L/er 5%%@%%@%%%@1@&01@8# ge[[ﬁ: s11§n015g tor Igyéél; F}epmr The

grofeasentodeddsanemnptasd thh$ BhgeredsmNpBhas hagh sequence
cosubstrate (Inai et al az FI 2001;. mth.
eﬂonserg:mp@l Inf, é}mlgp agﬂd cor%ggmaln-l- é?) -G Cgene in t is
2804} -is Sjnééré‘\gs&é bﬁiZ deacRtihasiosd in®RYcial HMI168 (Rét®ontain

i nvol'ved gene si | enC|ng Sir2 is insensitive to
ohﬁsmauoramtcif}'mlgu yeagtmeatifgziype.\ttlagere ponition effesty dndecell aging

TR ST ST . S 200 B B e

qjelcﬁx-‘glewh T3y BEhIONSIdedcetAades Ghehleyvedat Fﬂtﬁﬁen‘t@ 2860 Shore,
produci ng ni coti nam de and a novel

rﬂn%h%@@@g undalrrenehatyrimgrium, fgggons as an NAD
@&%E )e{zrl)rg%l %Id]f:mag 99191%] g)ng %H&ie Ieglgo%g Q].%)lsfe;rag@ (Tsang and

eacet

e ehicenic@énd, t199$)unct| ons V\/nl ch can connect its
30bi ol ogi cal role with cellular net abcihl smjn yeas

(Quar eﬂ}@lrég@(t)em isyaFlags Ilgfieacetzlbaés whl_ S gggﬁlbstrate
3ADglhet at., OOr 004 20?2'@?1%%? al>i 7090 "PARIep gtsalh QU@O Tanny and

epent | st one deacetyl as€ activity (I mai

d‘/loazeﬁOMI}l)Sdnllllte aheadeacetyB96), makysif whikh are 1nvolved in gene
2591%§é1%g5,6$819261§%11-s/eg§c1't2199 ?c( glgs,?s7l7a]f1d I histone deacetylase inhibitors like
trichostatin A (TSA) (Imai et al., 2000; Landry et al., 2000a; Smith et al., 2000).

Deacetylation of acetyl-lysine by Sir2 is tightly coupled to NAD hydrolysis,
producing nicotinamide and a novel acetyl-ADP ribose compound (Tanner et al.,
2000; Landry et al., 2000b; Tanny and Moazed, 2001). The NAD-dependent
deacetylase activity of Sir2 is essential for its functions which can connect its
biological role with cellular metabolism in yeast (Guarente, 2000; Imai et al., 2000;
Lin et al., 2000; Smith et al., 2000). Mammalian Sir2 homologs have NAD-

dependent histone deacetylase activity (Imai et al., 2000; Smith et al., 2000). Most
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i nformati on about Sir2 nedi ated functions cones from
the studies in yeast (Gartenberg, 2000; Gottschling,
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can readily deacetylate the am no-term nal tails of

hi stones H3 and H4, resulting in the formation of

1-0-acetyl - ADP- 5ribose and nicotinamde. Strains with
[

SR RchERICE plae sl BnoibaRicites Ak ARARASE I enst |

m@mrﬁeogmonmamomwmg,mao) copi es of the C. eI egans

cons daehorticalgtuics Have Shaihhat §ire e a1y ARneshdate i amino-
'téH?hﬁeﬁ%aJsrkﬁ{h&t&Fes%%(pﬁQ%gﬁﬂhggxggﬁlféﬁﬁz{t%n%{lh@@%efﬁrADP-

agli ng arose ear I'n evol utton been wel
mommtdrme«ztmaﬁuda;&traﬁlsr\ﬂltlg eddisomal eopiet PESHRD displagvecreased

to enha n organisms health. a res
PR et Reagd aniire feSl HE SoRnb %S Fecend Plengrow tha
%Q&’lﬁf)&iltc\ﬁ ies of the Gl dfdganb S11R2 HOABIRTsith. 13|aﬁ‘)a- thd Dahelafiogaster
conserved |n prokaryotes and eukaryotes (P. Onyango e

afir? genogreaigektend\bifaispagan thosiSar@@isnis3d88s 1@@PES that the SIR2-

200 . The SIRT rtenlstar
HERD ek TP Ao, Prebr s T eing frosd B Reth s Ged pasbegn well
e ede Mmyday s ir ShdRES afAselidbed odeRe RUSIEd BS eitRinBe an
deacetylase activity and is upbiquitously expressed,
pEganissis healih and stressaseibtaged toyingreaseiits chapeg eissuryiyimg adversity.
tr ansf [ be
ol eavezﬁ}r%?soé Hgmmolglocflﬁﬁ% ttkl?a\} éss{;&é‘;rdgé 1rp siokgg}%%gnag\p al
ﬁﬁltzfryQQe@(’R)@iﬁy&hg@ et ) Prstadaatl( Nek). ScB. U&@@emm E3658 (2002)).
Biol. .158: 647-657 § 2002)). 20Cal oric

Tég §.H.<?é% PEMciRds tasgster tenbmitasho cragfag §% Adinigre domain

f .
HBIENE 0 O R 0000 g R0 BBty
Iandl sagphngyitouslyaxpessedt pamtieuilatiy in me&tbmhnall}omiwa hiagues. Upon

ettty Midehdrdr SILEL sdierf Bt S haRIep Metive
S F R niRIchbhdtal hr%ﬁb@ brd@@@ﬁhgﬁﬁép@lﬂhfeadhhypy@ts&h%@a al., J.

provides evidence that SIR2 genes nedi ate

E@Hé?lpbllég (H’éaﬁ7n(2@f)2)éct s of this diet (Ander son et
rru t at %%gs)rictrﬁgtl fc? Q%B%s;%jeteRg&ggv?l for2 0\9641‘)7]0 yeﬁrs 3 1mg{ove the health

ghdiexised thed{fedpah oE niaiviPale QNE@@SI PE00). Yeast hfe span, like that of
3',5' -nmonophosphat e) - dependent (PKA) pat hway ext end
mictazoapsais 3150 G tPerledydnicsyanéionut aﬁtﬁsemhlerﬁﬁ%’rﬂregtrlmon such

g% \f}\)n"é\é gl%cos%e “i‘h%%&%%x”y%&t[lﬁ!éh g‘!éafgﬁaﬁcﬁﬂiek 'ffcjk}’n t‘Be *S‘FR@ gE&Ydo not

ream conponent "o rirc restri
fia¢ tongyr Whemcaoriedlly, re@GoOE). pr&ﬂdes&b‘hﬂiﬂ@ﬁh’tl&t (S\FRE (gdnes mediate

rein.ar vel _sir n- o tin
i trong ok i s abfhi diet Andersor’ge gl ohal RdsLBRd ap Boina,
QGN@”M&@OWrOI\ﬁbQﬁQn§ tat e 8BRUCALIP O BRIRAY r%l@co@é responsive
S5Formul ae | through VI as are described i'n ail
bAMR\adenosine 3',5'-monophosphate)-dependent (PKA) pathway extend life span
in wild type cells but not in mutant sir2 strains, demonstrating that SIR2 is likely to

be a key downstream component of the caloric restriction pathway (Lin et al., 2001).



I n anot her aspect, the invention provides nethods for
usi ng sirtui nnodul ati ng conpounds, or conpostions

WOQEURAKéses Ng Sirtuin-nmodul ating conpounds. I n periu8bids/o07771
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enbodi nents, sirtuin-nodul ati ng conpounds t hat
increase the level and/or activity of a sirtuin
protein may be used for a variety of therapeutic
qﬁﬁhh&ghhpns 10i ncl uding, for exanple, increasing the
['t'espan 'of a cell, and treating and/or preventing a
w de \VRrbiidey hedeirdareeselssimund-rdoddatdey @nmpuoindsambmefhods of use
exanpl e, diseases or disorders related to aging or
dh¢redls  dj abetes, obesity, neurodegenerative di seases,
chenot b Gpd

esoci HrEg e s ARG POVLR St oLl R DM paunds of
divamataedl thoowghrél acae desoribsd il detaidlbslewse, bl ood

clotting 15di sorders,. i nf] anmat.i.on, / f ] ushi ng,
ot o R POtk e inyTsRTBande Palods Rpbues Rg:

| Y &1a Rk o%ﬁai,\ﬂrtclfmgt)stﬂ)rﬁicBﬁ%h@in@%ﬁﬁﬁh-@ndﬁYatﬁ‘ﬂg%n%unds.
used for tré%tlng a di sease or disorder in a subject
tlhaertaiowibodenetts, tsituinméodwtatapsmtpoundc thenidciease the level and/or
acl.iyit for enhanci ng nuscl.e perfor ce, for .

i nel by ORI AT RAIBEL for g gl o BeapyRappplications
RhEU&RL! fo9 eﬁ&fﬁ%lb?inb'fe%&ﬁg IR FanATH N |24 R Dtr¥tini and/or
hypoxi a or ischema. In 20 other enbodi nents, _
gireventing avvide sariety of dissaiendsd disarderciaelwding, {diexpaply, diseases
and/or . act i Vi of. a sirtui rotein. . .

P LGk o find B S iR SR Tl Bt al ¥ cifeases,

exafBliRrapeltt BRst&Un&ebbath@neafpaillyi adédcyattdwithra@dschemic
i ncreasi ng_apoptosj s, treatnent of cancer, stinglation
(o]

Gventp petlar discaseropsk orsdisartetas sasiovtsoular gieasgablaod glogting
giasoqgérg,rihﬁ%nfaﬁgﬁ,hﬁ{d/cgrﬁilgmrﬁg%th.e gg&gg-t 0 z{o@g'ac%ﬁlpounds that

mnistering to a subj ect ere
phacaedketdvelbdrdjoredctienty of e satmbuptot@h ney also be used for treating a

sj.rtui n- podyl ati ng, conpound. n certain a cts,
iseass o dirordsroa i%gﬁﬁbwamme%§°%é“g&ﬁeﬁi%ﬁiﬁ%&agﬁa‘
alcAPRy, Fbr édhaf GBIl Bbr¥riAn QL R in&RAROLRGScle ATP levels, or for

i ncl udi ng ot her “sirtuin-nodul ati ng conpounds, or other
ttteeting eupicvertgeuscl@ i sBrRIdEMapESCRFPEACN IOTyprE or ischemia. In

W . Fi gure shows the chl,oride salt form
Rspmiments et Gy iRl 4ETraR e o o
ARBY Y bBa GiFa prafdn By 1888 iféd a wERiN6NBefepb@id appllicytions
(DSC). Figure 2 shows the free base form of Conpound .
Inghdingcfos exaraplepipciassingrghalar sREsHIVEY Ap Ar§AS; ICEFetag apoptosis,

| fferential: ' .Qr | - : i i
S PSR RRUAL Y BB o g
muds cribeiefurthdinbdlsive thednéthed f comepriza admirdist€anp cuadulfject in need

5Fi gure 4 shows. the ¥eek 3 fasted b] ood glucose in a
hencok parmggeytically effective amount of a sirtuin-modulating compound.

In certain aspects, the sirtuin-modulating compounds may be administered
alone or in combination with other compounds, including other sirtuin-modulating

compounds, or other therapeutic agents.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the chloride salt form of Compound 1 characterized by

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC).
3



adm nstered the free base of Conpound 1. Fi gure
5 shows the week 4 fed bl ood glucose in a DI O nouse
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6 shows the week 1 fed bl ood glucose in an Ob/ob nouse
nodel 10 adm nstered the free base of Conmpound 1.
Figure 7 shows the week 2 fasted bl ood glucose in an

b/ ob I ' :

ool B2 SHBREn e Oak30 RS of LOypbai PRAGaRbrasd by |
diheansgravimeric AnAIYBIs(DEGE and dxffeaaitinhSdaaning Cdierimerp (DSC).
base of Conpound 1. 15Figure 9 shows the week 1 fasted

bl 0od TEHESUON teverls & Becaas EhEama in MG BuFe HOaHe

‘élﬁgﬁn&é}g t&rﬁééﬁsﬁgk%@%ﬁ@“ form of Conpound 1.

ure shows t Fasted bl ood gl ucose in an
Ob/ ob Figursd showstheadtadkn3 fasteeblodbgluces ibadibmonemodel

chloride_ salt form Conmpound 1. 20 DETAI LED
Bg@mtw%qé@d@ﬁ?ﬂ?{?%m nd 17 "5s"used her ei n, the
foll O\T’igkﬂ'etSG‘s‘hHﬁls Ay BhY 28&5H188@ bhucHRViA ol DR FRAK AGdel
set forth below Unless defined otherw se, all

tadoimstered therfaeedmise nf Chinpoved s used herei n have the

same ani a omon| erstood t. f di

Shin ) TR g SOV Y s G0E R iR R2w30 st B
"atifenstdrBE tHedRedBdd6 8F CoffpuRMEe unl ess the cont ext

cl earlrky di ctates otherwi se. The term "agent" is used

her ei Figwedehows the whrkn? &stedddnpbaivgosedn aniihiple mouse model
SARTEAL SRS or BobiBliggi cal macromol ecule (such
ASTAMUET el Eeid” Can ant ody, a protein or portion

t her edigure 8howa tixewtdld® fed Wbod pluerid iacih Ode nfdueemodel
30bi.ol ogi cal materials such as bacteria, plants,

fa_dwgmﬁter% therfreretase pafemearad Iy mammal i an) cell's or
tiss Uﬁﬁ%urg'g%ga% Y f¥erl] FaHGbI8ERuS oY ah &IWIEE nlctise model

sui t abl
adminstered the free base or the chloride salt form of Compound 1.

Figure 10 shows the week 2 Fasted blood glucose in an Ob/ob mouse model

adminstered the free base or the chloride salt form of Compound 1.

DETAILED DESCRIPTION
1. Definitions

As used herein, the following terms and phrases shall have the meanings set
forth below. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art.

The singular forms “a,” “an,” and “the” include plural reference unless the
context clearly dictates otherwise.

The term “agent” is used herein to denote a chemical compound, a mixture
of chemical compounds, a biological macromolecule (such as a nucleic acid, an
antibody, a protein or portion thereof, e.g., a peptide), or an extract made from
biological materials such as bacteria, plants, fungi, or animal (particularly

mammalian) cells or tissues. The activity of such agents may render it suitable as a



"therapeutic agent” which is a biologically,
physi ol ogi cal |y, or pharnacol ogically active substance

wo(2008/5¥dpst ances) that acts locally or system oalrjus2008/087771
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subj ect. The term "bi oavail abl e when referring to a
conmpound is art-recognized and refers to a formof a
conpound that allows for it, or a portion of the

5H uflk tag ka@ﬁsﬁ%ﬁ %\?ng g)ﬂg;mBﬁlgﬁg}lg,g??fﬂgﬁﬁga&‘fogically

i ncorpora

acavd alblsento(o sﬁbmmt) thit qe&st loedlly drayvdemicallly ih @ subject.

adm ni st ered Bi ol ogi cally active partion of a

si rt uie teep ePlga‘(adlaalep cwftqndﬁ A0 GAMPANG i ptirgcognized and

hetdg aaflo %hvg%{i@buﬂ& Ha\’hl‘iéﬁws RYGNoAS &ﬁl%n%? ithd dnfodiR of

deacetylate. Bio Ically active port ons a sirtuin
rmmpommpadramlstéred ctorbe ableorbedbyfinsirponatedso, @i ahagiisal | y

1 |ve ort s of SILRT1 havin nBank Accessi on
rﬂgy R’tﬁ* 7‘631 toeqqgg,}ﬁggggpthgt %Aﬁors.%.aﬁama&%ﬁdn
and t h‘@l@lH?&BH?E&]\Q‘ o ORI rERfs t%&ggﬁ_?{zlgns ofg?ylrtum

include without [imtation, am no acids
@ewtsmdiavmgcaelstglmpaﬂ\lectlm OB B3F0he armutyrtoadueecmiwddﬁomgically

| d A
SHESRSRE G S RY eShurpedRe Fare ST RESNPisPoBigeically

hoti e gsitibheo CIIRT 1A G e B IHRT A ReSdi @ONBANPY 096370\ Rat

portions of SIRT1l, also sonetinmes referred to as core
gosrinpess el Altebiagimgrdomaimandibe gubstete bigding dogfain, for

SERRER SIS P ug iR g o258 AARE R

AR &n WH.ONP (BISBHO \aﬁﬂcﬂare?é&oﬁéd @&cﬁéot@%@ Banko 932 of
Accessi on No, NP 036370, which are encoded by
Bk AgeessippNe.QNY5 85228, Thege feasn BunteeRICE Semstimgp referred

VL O 23R d&ﬁalﬁb@fﬁx\% %ﬂg&gg@é %&1\%%?1) sHERIRT ~a}so scbrgetlmes

GenBank Accessi on are encoded
mefetredtd sher8d@mbims, intkhas abdut GemiBandd AR Eletsd4yno Neen Bk
9&10%3335180n No. NP_036370, which are encoded by nucleotides 834 to 1394 of
GenBank Accession No. NM_012238; about amino acids 242 to 493 of GenBank
Accession No. NP_036370, which are encoded by nucleotides 777 to 1532 of
GenBank Accession No. NM_012238; or about amino acids 254 to 495 of
GenBank Accession No. NP_036370, which are encoded by nucleotides 813 to
1538 of GenBank Accession No. NM_012238.

The term “companion animals” refers to cats and dogs. As used herein, the
term “dog(s)” denotes any member of the species Canis familiaris, of which there
are a large number of different breeds. The term “cat(s)” refers to a feline animal
including domestic cats and other members of the family Felidae, genus Felis.

The terms “comprise” and “comprising” are used in the inclusive, open
sense, meaning that additional elements may be included.

“Diabetes” refers to high blood sugar or ketoacidosis, as well as chronic,
general metabolic abnormalities arising from a prolonged high blood sugar status or

a decrease in glucose tolerance. “Diabetes” encompasses both the type 1 and type 11

(Non Insulin Dependent Diabetes Mellitus or NIDDM) forms of the disease. The
5
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there 25are a | arge nunber of different breeds. The
term"cat(s)" refers to a feline animal including
donestic cats and ot her nenbers of the famly Feli dae,

ld. S 1 : " i se" .
BB R PR b attes ncllg® AT BRI Srat Gl o mere han 40
fieehies figr hémbr Polhichéesofoa wothenblviod presguleeilA0/89deeiHg or higher,

"Di abetes” refers to high bl ood sugar or ketoacidosis, ..
daehiesndeg abeys bifl me/dldestipgipad shspspogrster than 100 mg/dl or high-

%@H&g@dﬁ&@ﬁl Gk 46 Higcﬂ iR Qﬂ%%%/h% woaed
suga tus or a decreas€ 1 n glucose tolerance.
" Di abeA &ditect actormpas ©€a shratih i imolecpke thataavd vatgpe sirfuin by

oD Bl W RePERAET O APSLES, B mdtecile Mhibits 2 atituin by
2081 REBE6PCT/ US2008/ 007771 risk factors for diabetes

include the following factors: waistline of nore than

40 in K R . ' Sp.f Dl
or eseunE @Y 1A g P e AGED gamcsps e
156k oftd dilug Wissl progubésotnds of its asirgiRatgonsdaefdlf) or

/dl or high-densjty |ipoprotein of |ess than 40

FetiyelynBR dase Shichgrepuicena Rifirdsiermigedhresgpnsedp 50% of test

'. " . I i i‘ % A t i

SRS L S TPLASH B B A s,
4il)sb means thealorodx dive winkh I kethahins$ 0% wif tesbyubipeatsd iTing térm
i, . . The,term "ED50" is art-recognized. In ..
ciieranertie BT It e eRBB LIRS THEN e (o iethippgptic index of
@nﬁg%(gﬁggyg§§D§p@b9{ its maxi mum response or effect,
or 1l0alternatively, the dose which produces a

pr e- déherteinn Saypesspdinsmin hrefgsdot statesin asibflizitug! iorwhich the
reparations... The term " LDR0" is art-recognized. In
PP af RSuRE Bt Bk MighsPiRn sofpfll shecCo 2°Gr ug

whi ch T thet hiakludh SQuedd thesdansukil@dihg buflie Hngtdd to”.

"therapeutic index" is an art-recognized term which

r icdyding’ candn dnelpdipg fatipetdimiterbte” gfc wsedanigrchaegsahbe as

LD50/ B Qe 804 Igarsg}angg’ px\%':ﬁérg Bk tgﬁe%%vlin&?é fibtindl Anfbunt of

state in an individual 1n ich the level of Insulin

iimsulih@rddueeda swbnorghksiotdganrespsmsalirelative to thd hmldgicaihresponse in
[ is used to yrean "including but not limted

"i nc) udi ng'
@éﬂ&eetﬁheﬁ%ﬁat-hagﬁdnwlmeﬂaﬁaﬂge-but not linmted to"

ar e usgg-ihahef cheRde@lkYrded P8s BREMsed A&, Pefers to any disease or
resi stance" refers to a state in which a nornmal anbunt

g@bndition that is caused by or contributed to by insulin resistance. Examples
include: diabetes, obesity, metabolic syndrome, insulin-resistance syndromes,
syndrome X, insulin resistance, high blood pressure, hypertension, high blood
cholesterol, dyslipidemia, hyperlipidemia, dyslipidemia, atherosclerotic disease
including stroke, coronary artery disease or myocardial infarction, hyperglycemia,
hyperinsulinemia and/or hyperproinsulinemia, impaired glucose tolerance, delayed
insulin release, diabetic complications, including coronary heart disease, angina
pectoris, congestive heart failure, stroke, cognitive functions in dementia,
retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,

glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis some types of
6



20i nsulin produces a subnornmal biologic response
relative to the biological response in a subject that
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resi stance disorder," as discussed herein, refers to
any di sease or condition that is caused by or
contributed to by insulin resistance. Exanpl es

'&ﬁé#‘é&chdis%?&%éma?%‘?%s L ros%é hale gﬁ)nﬁﬁe&%[quzﬁho sof

i nsul i"n-resi stance Syn |ns

rpesgrahay)g@or fingdle lfﬂp@@cﬁlcpwe hsalme(,sud‘lymhemabmreghlaghes,
blood chol esterol, .dyslipidem a, hyperlipi ]

dyertiliy dereenlar qywation RobyysticoHirian s¥RArpmE) (Bﬁﬁﬁﬁ) lipodystrophy,
?f}gt%rol‘}é’lrawa%%r@%rg u¥h i ﬁﬁs%(ﬁleg lcH %}’éggfsrtlﬁk ahd cholehthlasm
arction, hyperglycem a, “hyperinsulinema and
rgppe robsto.udtﬂmlslerep Apeca amdpaspistbrylpuctdems t@t@ﬂﬁhnes, and

ed insulin rel ease, diabetic conplications, -
TR oR P BREen, O LaE lofh & @t CoRaRI A 20pact or i 5.

con g eSfietBr @Al dstd R dnith8ls” fdfERKS doﬁ@ﬁ(ﬁa%édvcﬁlaﬁﬁifo%é Which
in denentia, retinopathy, peripheral neuropathy,
naqdhdesphosqhelrg wired dbomegtand vas pugh predustn s@.ex lywiisg animal

otic_syn ert hr oscl.er osi s, sone,.
Qi T G R i
nfoﬁfetsﬁé Swinld G e® Pl em @S the Feh @ SusOhn BYiRE RAMEM indedihg
femal e reproductive health (such as nenstrua

isheasgandaather régmberﬁ oéthe gqnpgf viss degjastir sagtaangl ather, members of

gﬁ% geg%(’? g)r var ' %%f' g egl? g%é %alsé’sd ?]%{escﬁa{l%m/asks such as

aROLes byst of bﬁrdaﬂ,d: €hal edulﬁmraﬁiasmcﬁgmg dorh&sicrheedes WRd other
sl eep apnea and respiratory problens, osteoarthritis,
apembsre obihei famil arﬁﬂlw%ag%lﬁ 98¥S-bone | oss, e.g.

ost eo | lud
refergﬁ%g on%???%%t qua &%%g¥%&%ﬁ%§ r?ﬁl% als include
thuosas t;mng_esr alvsﬁdcl{ mmmia;a(uncﬂmﬁngbovmas pb;qnmsdctct),sqompamon

e.g., bovi ne a i ncl u ttle.and oth
ol o0 Gatgesy tihes s and olthes T L RiGand e i ng
10 donestic sw ne and other menmbers qof the genus Sus,

an ovi bess MEIVIdua deﬁ’dldéﬁkseﬁ?fféﬁagéﬁoﬁé?b Mi9E§ gengrally
[
RGN e G bR TR BN ITR S, Bhias FETRRes By may
fommesfpmbalaismditetda\skh iisubh ressstarse. as a beast of

bur de e ani mal inclJu

ot seshiaTe HEferidbaRaTORTAE Py B AR ey are
BeUdSo grlohdirefeto HRABRGL adnSinlsBaMbn bihef than dhferalafd topical
exenplary mammal s i ncl ude humans, primtes, |ivestock
adimibtgat{dng gswdihyrbg lbwtlwe.sand pmicdqse@/lthemtdlryutatmnpﬁmvgmpus,
ani na et.c.

%tr'fanuscvﬁfa& elggﬁéa‘? Irlg Sltratheca mtradap%% ntra‘odlafa\(i; 18[;}acfa§d18cr:,

Ilﬁlﬁiidéhﬂhlalr&ra%@ﬁfoﬂééln@‘aﬁs&ﬁfﬂhé&b%&b&tﬁalﬂfoﬁs Sebaitaduldy, intra-
i ndi vi dual s having a body mass index (BM) of at |east
adiqylargrsuheasulagsebaraghnaag, intraspinal, and intrasternal injection and

infusion.

2% &8 3% 46

A “patient”, “subject”, “individual” or “host” refers to either a human or a
non-human animal.

The term “pharmaceutically acceptable carrier” is art-recognized and refers
to a pharmaceutically-acceptable material, composition or vehicle, such as a liquid

or solid filler, diluent, excipient, solvent or encapsulating material, involved in
7



200r may not be associated with insulin resistance.
The terns "parenteral adm nistration" and

WO 2068niseeest ered parenteral ly" are art-recogni zedTandos/007771
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refer to nodes of adm nistration other than entera
and topical adm nistration, usually by injection, and
i ncl udes, without limtation, intravenous,

:%wwgﬁgqm#g %{‘}Zg‘%ﬁ&{t c?lln’poél ?g gg ch'ﬁgénent thereof. Each carrier

Zhusrbe ddereprble”iimtiegease 6 fbeddd corpaaibéd wik fieadubject composition
subcut aneous, subcuticular, intra- articul are,
S8 FOMPRRENtS AhRIAIGIONS 19 W@rpagfntn%@me gramples of materials

'MlEfE‘ﬁ{a QﬁJe a's @h%‘fﬁdc@ﬂnmg dc@%ﬂ?ﬁl@@amers 1nc1u€b (1} su arst guch as

tien host™ reters
elad:thm; ghlchwmjd sacroae; @ starchas sach aadorn 3Qiddhearidqromato starch; (3)

é{ﬁ)‘/ﬂalpg%glg t1t|§ gglll H/aeg,gq%gfl g? ltsq(idugl%rcralrb%rxymea'lyl cellulose, ethyl

%ﬁﬁl@&gﬂﬂ é&ﬁhds¥ a@&ﬁ@?f@?o%d@%%dg@&ant}? Qﬁ})ﬁ’éltt 669 %el%ﬁn (7)

vehicle, such as a I qui or sol I'I’er’,
azle] (§) entipiests) wehtasgocenveiys lahmuppg)smtyewaxa&, (9) m]r:o Isueltlas

L L PSLA 2,3 SAEE o TRES b e
" AL CRDIMRIoBs, shdh zisrtﬁoﬁjﬁ@%%l‘%olb?l' 1090%@&5%@3%1%&1'& §diBitol,

Subj ect COI’TpOSI tion S CO onents and
imgnnitobard p@ywthlelepagly@nl (lzamrsexmfpaseqf,hxdfolm and ethyl laurate;

gtil%)r?ggn’z(xélflb e%élagsafgf% ;%13 %g'iﬁa%ﬁlgﬁlqgm%%@ aXé eo%ngi aluminum

Hydesxsde; a18) a$g4ﬁfccas:ﬁ1 ({®)pygb@ncheswastq7pisoteaicsalih@r(¢h)
and its derivatives

and potato starch lbé cel | ul ose,

Ringerassodyiam, R &t %iﬁﬁ’b?hﬂo)d@PFRha&’s@ffeétsﬁwlons and (21) other
I

?*?}'2 gtlé%%ﬁt%g&gﬁgj)% %hia# r?c%? 8?‘%%8% t?n Rl;(n %@%ﬁ% Fo‘iilzng ations.

exci pl"ﬁfdtsrm Sprobhplactidtad tiarbpearicatrdatmeppasirt@cygnized and

e NENCRE N TN N DT AL

SIQMQ@@@U&IQ BF the undBhtedl 6nalHDN (814G i REsrAWdrQMG a8tetGRlte of the
(11) polyols, such as glycerin, sorbitol, mannitol and

;imlswnmyl)em the yreatiment iropkylacts’, i.euid hvr@sctethqhosmm%
th I t 1 X 1 buf f )
HEr1oh e AR rtor St oA iAo B R Station of

(tASUnrbdEdnddidrd thd d€atmRHT i@ PRRafduEe (V@] iels intchddd to diminish,
isotonic saline; (18) Ringer's solution; (19) eth

Amelingite of memtan Jugerdstinggirwantedsesinditionrns: smk@mffeemgerefrom)
other 15non-toxic conpatible substances enployed in
phar meldeueing &pyrbgenriiicat, ivattsreferbrcet te mmotnposition) wiirs &' a

or "th ra tic" treatment is art-reco

Rompp SRR o e TR Briogefiniy S BE N 1cag 19 gn
adodsé strestgel gp Em@fndno féivlet NhahmaBeh festiadl ARpiedtoty d@stress,
unwant ed conditi on di sease or ot her unwanted

sndetexistshoele ciosin aawbmt jo which thheorapasiiiarelas biegn administered.
R RINVHAE! th terhr § mednt tPERbEGRSs dh§odiRtfths 34 ulShee of, or

substantially free of, an endotoxin such as, for example, a lipopolysaccharide (LPS).

“Replicative lifespan” of a cell refers to the number of daughter cells
produced by an individual “mother cell.” “Chronological aging” or “chronological

lifespan,” on the other hand, refers to the length of time a population of non-

8



20 devel oping the unwanted condition, whereas if
adnm ni stered after mani festati on of the unwanted
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intended to dimnish, aneliorate or maintain the

exi sting unwanted condition or side effects

therefrom. The term "pyrogen-free", with reference to

B ERORAIL Hlaint STBlcwhdh AerfiOuR Bﬁhﬁth%‘tst MiHfordlQ tROfifespan
contalh a pyrogen i n an amount that woul d | ead Fo an
Zﬁad)eﬁf Se“ﬁﬁér&hng {he.ldespan roff atcali,l”(as ,appSleadetb cells or organisms,

mrat i on, rr SpI i stress,
&3& ©xpereaipg fhe ‘\é‘[”g’e} of Ha‘¥%§‘i§ %pr BCafhR e ¢dl; increasing
GRORGE 5); by b8 3P o&%ﬁnﬁqmcﬂbégvﬁﬁ%q'essggﬁn@ t%amtagé‘ e.g., to

termis neant to enconpass conpositions t are free
dPNAg prcﬂmbstaadtor aldrgasfgethe abilityof exhld or oxgani msctb sagvive and
for exa

opol ccharld Repl j cati.ve
i Shanv gl RIS A eIk SqSHEMEN
Cé?(lalnile'3 9@3&5}%{2 e&snﬂm%@re‘s@ @i ot ?%y raﬁﬁhhﬁ‘ r ch‘éﬁln‘:ally-mduced
Chronol ogi cal " agi ng' *chr onof ogi cal fespan," on
tstreso THeA damage, m%fequatetsait telvel, Ilrexdngat@futltqgnml@el or inadequate

popul ati o f..non i vidin el l's renains,Vvi e ep.,
doTae ) TP ket R b, G0 S
G4 or BétwesXeNHNAT A S0R4 hRBEEN, H6%An8B0Y% or M@dre using
applied to cells or organi sns, refers to |ncrea5|ng
tthethedmdsserilsid hiagight er cel I's produced by one cel
increasing the ability of cells or organisns to cope
with st&iﬁsiswtiandlg:wmmundémefgm toe cgm,potm)d BBNcreases the level
prot ei ns or,, increasing the a
B Qe et SEERa® Bolet Spp seiiNA s SiiaBo By 1n an
| R8P lary BABHdith R lat glﬁMhaercnothg édnqsbuna ngay inSfch st 1€4s0bne
exanpl e, heat shock, osnotic stress, nerg

raeliogicalastivish efin @amnyptqﬁ@ncbwt éqasfe@@ut Y%, 75%,
¢ S
Il@ C{Zgﬁg‘ioge.n% %ﬁp? li)lbl c%‘ijg%y\?{lgs SEYtI?lg%BOtel \é?xllclu@e
ieaddtylatians te. g’l,b(ﬁlﬁlstaﬁ)@@ana% 0 dib@ Ydespbh; Gﬂ%@ing genomlc
bet ween 20% and 70% . 30% and 60% 40% and 60% or nore
W@tyn@{q%]alg tHEsHE v apbeityelling the segregation of oxidized
"R AGH N ARLCATRRNAdNY ef ers to a compound

I ncreases t eve Ssirtuin proteln and/ or

i ncr CagRuifr mju%ﬂ%ﬁbc%g‘lpo%ﬁ%l"’ Yéfér)é tg % cgm%O{u‘tﬁcP hg gé’c%a%leg]the level

I n an exenp

@Rt phEyini andfog Asereades |aeIEtS§t dihﬁ%cﬂﬁw of aogrtu&i protem In an
activity of a sirtuin protein by at |east about 10%

%WPW/&mlpgd)gnej_lg@oﬂrt@p 1ﬁ51,b§1ng5@gmﬂuag V4 decEsge @l least one |
%%lbgchl' fc%lvg% 9 nh "sitan{‘pn%ggh %('\a/%% léaQPJb%QFl Qﬁ a@%yk @l 945,

g., of h es and xt endi n
[ llﬁ)ﬁMe as hmge. gEmnplarﬁlmamgjmaﬂ yctnsnd:wfcsnmgnq)rtaams inghgdeon;

e SINLOLL N Lhe segneaal L an of pLdl eed RLOLEL N mic
%Oabﬁnts,t éileﬂm'n@ma%ériﬂﬂi%nc mw%lhrrge&@ Sgrk LatRnTHRAUACH

decreasés the
protems between mother and daughter cells.

“Sirtuin-modulating compound” refers to a compound of Formulae (I)-(VI)
as described herein. In exemplary embodiments, a sirtuin-modulating compound
may either up regulate (e.g., activate or stimulate), down regulate (e.g., inhibit or

suppress) or otherwise change a functional property or biological activity of a

9



of a sirtuin protein and/or decreases at |east one
activity of a sirtuin protein. In an exenplary

woendsasgsgaent , a sirtuin-inhibiting conpound mapcdest@ese 771

10

15

20

25

30

at | east one biological activity of a sirtuin protein
by at |east about 10% 25% 50% 75% 100% or nore.
Exenplary bi ol ogi cal activities of sirtuin proteins
ﬂfd g? tRILAFEHYh S &mgpounﬁi mﬁk]%‘c%‘%ﬁ%cﬂpgte%%ﬁmm
ng 1ifespan; I nereasin geno

Proteincdithgr direodscoriipdireuily. an dercaimeﬁmbﬂimtst Iaelrtum modulating
segregation of oxi di zed proteins hetween nother. and
FalpePRd may bed sirtuin-actigpting Gompavad (o5 aiSHE R dHiBlRg compound.

refer S‘S‘ir:&hlﬁ 9(9(@}3;’3 lf@férsotfo a lﬁélﬂyéra(% tfuj: glrt(l\ﬂ Aeaeétxglgé ?gdtt?ﬁ gamlly,

herein npl ary enbodi nments, a sirturn
ccm ppeferat] y30 niny sied falmaty, whicteguolude gedse Six2,(GanBananecession No.

5308 he Eublea e Strga omine Askibiopr Upart y o T2, Bd hihan

S
tsgllg*tl"g’ gﬁ@ﬁ% Jﬂ(l‘: atb(}’éﬁ&)ﬂn No. @IM 104k '&ng N @b @37 ﬁor tAeFOa83 106)) and

mpounds may a
sSIRTml(GemBmﬂeAnceesmhéfo NMe@t2287oNM 1 rﬁ)dDﬁ%tNli/ 036869,

30 RSP arR ATRER) B0 g Rt Dby v memers el the 54k

sakiﬂffn%hﬁ‘l yeﬁit' §if2~11ﬂ<9 gGRERQH. " H'sP ehh‘é"r(h%@lc%‘ues of §’§ ‘Nv§) HSTI,

to a nenber of the sirtuin deacetyl ase protein f Iy,
192, el 3eamadil§ T4 candlbe Sive Qﬂfeahumyn hxmpbiguﬁm@% hSIRT4

43RS P RThaiR PRETATERERTRE ORp GR9910es P RERER tna Frve

St KT 900 BBRIK260:023)5 | Iabfelied SINMi5T2 2 B 5@ Misht I§Ear8 3o3é0
(or AF083106 and SI RT2 (GenBank Accession

RVt ies it 30593 hSKBT h36de9 Slrﬁph@wab@R%dsuch as those

iR B a3 U g @B, RIARE BB MR
@gbss in $IRTDdueyue SIRT3 $as. t wo) HSTL, HST2 HST3 and

HST4, .and the fiye ot her hunman honol o
hSl RT4 SH?an Refein, siRpgo éﬁaefﬁ'%‘?fp#’f hg fBP nfhfj Sétitu13|deacetylases

(th %ﬁélm{%@&l%np%vsm%12;%?&1@{}1@1115%&’ SeRl SRb (GEIIAR) ABBRSGon No.

0:273). Pref ‘erred sirtuins are’ those that share nore
sPiSﬁ6$53)r Ct ¢leganai Sify2 Sl (REbBank d.ccedaidnNd.  NRufdy1 81 2)Shu@an SIRT1

KRR Decion nio” RV Fr2aBF SEh DaBER r ARERY 1 0 Bpgppman
MRTAPSERB arkNA &d=idn 2 NSO BLBT 3NNAD30593, NP_"0Sk5F4L

protein" refers to a nmenber of the Sir2 fani 'y of
eNPuOl&ﬁWQal ead& 0§ HeBprotemnsorns ewibesdnieend fraglsmsrihereof In

BESELTnb QA EAES SR YL ol int EEEER RERERT O Bbriie qgsauence
2093, o thoraimsistiig Ess20ti{lGenBeitkanfia c asisl sequdNee séﬂ\forth in
012238 or NP 036370 or AF083106)1 and human SIR

F@ﬁBﬁ RCeaessR8dY o WW@@% NE_ 03 63 69, or
38569, Slﬁ&l%ggﬁ?ﬁ mglrudéﬁg%%;gﬁes Qf)ﬂlﬁ)ﬁ'sfﬁ% allad}% portion of the

equi val ent's ‘an agnen r eof
emoglacie sd:queaceSd;dRTdrtlp moGenBanknstagdasn AopoN 9 p@q:ﬁ.’,ﬂdeNP 501912,

i\ﬁ@%’é@%@”&@%ﬁ%‘r’?ﬁ?ﬁ%ﬂs 4 4P Qo EGIEHE SFofor i PenBank

22 cERNFANE. AGC @383 26) NY2 50101, 336 HE900IRIP B5336s, JNB53685 with
085096, NP 036369, or

1to about 2,3,5,7,10, 15 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that is at least 60%, 70%, 80%, 90%, 95%,

96%, 97%, 98%, or 99% identical to GenBank Accession Nos. NP_036370,
10



P53685. SIRT1 proteins include pol ypeptides conprising
all or a portion of the am no acid sequence set forth

woi20s@ssd8ank Accessi on Nos. NP 036370, NP 5019p27/uNebos/o07771
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085096, NP 036369, or P53685; the am no acid sequence

set forth in GenBank Accession Nos. NP 036370, NP

501912, NP _ 085096, NP 036369, or P53685 with 301 to
20601312 up s M RacR b rion S hna FRlonkfapent threot
Fedypeptdes dfahe inveation alas indhiihonitogs3@%)., BfhogldaUd paralogs),
96% 97% 98% or .99% é,g;ntlcal to GenBank Access] n

NG antRErfEgets, ofygen el Asessepdiosul o 0715
5@1%18%09&\'?\119%@959 &'%36@?.69 or P53685, and

functional fragnents thereof Polypeptides of the
| nv ent iSORTA Ipsajellnﬁ ct¢facsetoharmemberof(the sjrtpinoddabetylags patgin family

RRURE i horad e B S1ad aroleh TS catbodimgaan SR Thgrotein
Qg’(ﬁg&% huﬁ{anFﬁﬁqgQGeﬁBm%céngBW@ AAHb?@@Z NP 335BNDef

of the sirtuin deacetylase protein famly and/or to’a
w%gl BR24p a8l mesepSIRE {GenBank eccessimdNoeNP , 074 838 Ridteins,

| | k. A . .
AR50 3l s SRR oI ol s A DA b R rpratein
(SRR AGsPEaL @@mmsmgﬂa seade%&com@ﬁ@ dTSer considfith essentially

g ui val ents and fragnments thereof |n another

belpmite acid SYURIS g9t derét in GenBrnkutissssaopipgpbpHoded2,

L < g e .
LT e T —
Gem@a@ihg/%ﬂll(‘cﬁf‘aqidﬂﬁoﬁ\bﬁthe/éﬁhﬁd Qéha ,sedNBneé 63 fdsth NPGenBank
001017524 or NP 0718 oteins_inclu

pUCHanR A4Y %dﬂ?s‘?%é%l NPoQOIQlﬁ%?r“t PBNPQW%Wé i aino acid

i i 042,
SRR ORI ALa O Aol R GRAEEIK AR B35 0P, BB
NP 90d0ETRd, selNP f @F 1t87 8iwitlGe nBabriut AcE 55 91 0by 18020, 30, 50, 75 or
AAH01042, NP 036371, NP 001017524, or NP 071878 ll
frborgﬁgleﬁer\?tlvg amsno 9c1d fB stl:[glorQOan %1’611105661 s/egual?cer{ﬂ%tés at least
GONS SOYAROYE 98%, 98920k %, 9IBS R4 L 0%, idafti AN QerfSdnit
sequence that 1S at least 60% 70% 80% 90% 95%
FevessProNoD @UAHO 0429 PB_ @303 7 s AP _1001 0B 4ndr MR c&L8i7dand

TN T i Y T .

(e, bRuEIdES At PAraReh)) Vhtiies e TRigaEsts( 6f GenBAK Al@&e@gsn Nos.
and 8aralo s), variants, or fragnents, of GenBank

363AHDP0AS ] 0RG52833H 0BT B0 pansgmbodiment, a

S s e .

ot thaa/mgre charidiniabmatrixopdvoesdin gglepidasel (MR and4s lamgitochondrial

peptl dase (l\/P(E)S and/or a mtochondrial 25internediate
PeRiigsse (MIP).

3 6¢

The terms “systemic administration,” “administered systemically,”

“peripheral administration” and “administered peripherally” are art-recognized and

" refer to the administration of a subject composition, therapeutic or other material

other than directly into the central nervous system, such that it enters the patient’s
system and, thus, is subject to metabolism and other like processes.
The term “therapeutic agent” is art-recognized and refers to any chemical

moiety that is a biologically, physiologically, or pharmacologically active substance

11
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systemcally," "peripheral adm nistration" and
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refer to the admnistration of a subject conposition,
t herapeutic or other material other than directly into
the central nervous system such that it enters the
t , |
ARl S0P BRI EM AN in b Wiect STyRBInE Blo R AEARP Rtk
agtrendiéd fios user tn—the dmgnoye, abuﬁm chitigdtems trbammnyoxc;hemm@h of disease

&2&?% %Pl%e%}}n% P o Shnial R oIS et andlor

2008 gpgrqgﬁg, 07771 that acts locally or

sgst g#ﬁ%ﬁﬁ?{? In a su J%ct The term al so neans any
subst dftegeinnt theckpduti oefferd@isi ant-tedoegnl zabamulsiefers toua bcal or
mti [ treat pent .or. prevention of disease.o
PR L AT, Burrafy SRy cut TBProeRt gy himans
%M@d%@%ﬂamﬁﬁé’dl@éw&lﬁnS’dtiv'e%%sthrﬁ:ea"’I’h@'fih%k “erdPaiBE]y-
5The térm "therapeuti'c effect" is art-recogni zéed and
reéﬁeetn\se aroounﬂ’ owahs that spewry mif suds 4 sdatstamne that pwidgces some

REtfond ox SuBm e fics A Crerrapan e et St AEPTeRls to any

I@fbﬁﬁﬁéht trh@ FrRpAEutieAlyl évff&hfv@ GinbMft IR EubstRRAwill Raty
amount of such a substance that produces sone desired

|dspending ulgyxsthe gileetfand disease eondiipandieats eatedadlig weightand age
I Eiﬂlle su%ﬁe% tl?efa%)év%nb eY dtjsgaste {ll%ﬁtthe Lﬂa%ne 0 admlmstratlon and
erapeutrcally e o lve Avoun

\md likey a\rlyctd@maaddhr}gba@aérrmhai bybheof orditthryli slaﬂaﬁ ehe art. For
condition being treated, the weight and age of the
SHBPBe: STt caBResitions descrired herein vy t@oaﬁlmlmstﬁaed tnr?esufﬁcwnt

IR ¢ c’hg,'@afu FrE@EF 120 244 fi ftPdbplicable

rea i 00%0 tererénrned yaoneeatg!f;ll% %F%lgr)\eﬂéﬁp?t ﬁ”c?}be °

anth trEabmeetxaan e, certain conpositions described
nistered in suffi.ci ent 15anou

her ei n,

b oauca Fines p FaRBpR S fRGrsede Bedlishine s BeaR o peking o
Nédst ShARRAPtERARIEhd Sordlitedh &rf Badas®Nt . "Treating” a
condition or disease refers to curing as well as

anel i dihgttemy “wsiopémprirmeet”ggient t@rﬁlmimshﬁé vigiai Whigh iopften

gmlrsﬁ ;%ar? ;hlléfﬂé%e}sﬁ)rler:n or %e%e%%le Hg?a {g%mt e)e/gf ,Sru%etrg) IPartlcularly

lsexedé SisInfinpairhiehesaeshdd ‘@lingaest bﬁ“&lﬁi@ﬁﬂos(se Which refers to a
sur gery? Particularly severe vision inpairnment is
camplsie logs physiwssvision wempe thgn 20699-that gapaet hedmpravadgvigh

f [
OB AR Rel s b 2o Bl of b R APBAZ eIl eRNdehE
fraddhg. of | ess than 20 degrees dianeter (10 degrees
radius). 25 2.Sirtuin Mdul ators

2. Sirtuin Modulators

In one aspect, the invention provides novel sirtuin-modulating compounds
for treating and/or preventing a wide variety of diseases and disorders including, for
example, diseases or disorders related to aging or stress, diabetes, obesity,
neurodegenerative diseases, ocular diseases and disorders, cardiovascular disease,
blood clotting disorders, inflammation, cancer, and/or flushing, etc. Sirtuin-

modulating compounds that increase the level and/or activity of a sirtuin protein

12



In one aspect, the invention provides novel
sirtui n-nodul ati ng conpounds for treating and/or

woRi&yBdesNg a Wi de variety of diseases and di perAsres/007771

10

15

20

i ncluding, for exanple, diseases or disorders related
to aging or stress, diabetes, obesity,
30neur odegenerati ve di seases, ocul ar di seases and
[
ﬂ'll'l%g 5lg(g F)g USe%af]E)F {rgé(tﬁf%%]hﬁgacsg r?g gr%gl%er g‘; ?ﬂ)ﬁg ah '\AQ}QI]d ?er{eﬁt
Sidrh indreasdd hfitochgndridipotivids férraahandheg ﬁnascﬂe pbﬁ‘oﬂxmneb for
and/ or, act|V|t of a sirtuin protein al so be used
fIBFreasingusg “rfr lexgls cordfpr HF@M@WWH&H& pyseletissygfamage
Vﬁ%c@at EQehH gpf)ilg%} i RRERRS Gl LA dt Rkiodsd héﬂaltrMnay be
for en anci ng  musc pertornmance, Tor Increasing
muﬁatble fésTiRelrew @hsr;mmuﬁml comeaditiong am/orpmr&:\mnnmmgnethods
e §|ssue danage associ ated wi th hypoxia or

s keregy- per conpounds di scl osed herein may be
53 ui t e fefbolert %1%&%55@19%& i 1h@é?1tlon are
and/ or one or nore nethods di sclosed herein.
orpresanath nBmectusi Foumwaghdul at i ng conpounds of the
invention are represented by Structural Forrmula (I):
10 or a salt thereof, where: Xis Nor S; Y is S when
Xis Nor Yis Nwhen Xis S; 15Ris -Hor a
substituted or unsubstituted al kyl group; R is a
solubilizing group; R2 is -H #L\hed or
unsubstituted al kyl group; R3 ted,or
unsubstituted nonocyclic aryl T R R4 is
-H, a hal ogen or a substituted/ or unsubstiY ut ed al kyl
group. 20In certain enbodi meMs, Ris -H\or -CH3. In
certain enbodinents, R2 is -H &or -CH3. R?

1),
or a salt thereof, where:

XisNorS;

Y is S when X is N or Y is N when X is S;

R is —H or a substituted or unsubstituted alkyl group;

R' is a solubilizing group;

R? is —H or a substituted or unsubstituted alkyl group;

R? is a substituted or unsubstituted monocyclic aryl group;

R* is —H, a halogen or a substituted or unsubstituted alkyl group.

In certain embodiments, R is —H or —CH3.

In certain embodiments, R%is-H or —~CH;.

In certain embodiments, R*is —H, a halogen or —CH3.

In certain embodiments, the compound of Structural Formula (I) is

represented by Structural Formula (II):

13



In certain enbodinents, R4 is -H a halogen or -CH3.
In certain enbodi nents, the conpound of Structura

wobodgmsbsss(!) is represented by Structural For palrasedoshoor771

10

15

In certain enbodi nents, R and R2 are each

I ndependently -H or -CH3. In certain
enbodi nents, R3 is a substituted or unsubstituted
het eroaryl group, such as a substituted or 3

unsubsti tuted nitrogen-contaopi ng het groar group,
Sparticularly a substituted o Htufed pyridyl
group (e.g., unsubstituted pyr {::} In certain
enbodi nents, R3 is a substituyed or gtituted
phenyl group, such as a netRnl phenyl, Xa hal ophenyl or
an unsubstituted phenyl group! certain

enbodi nent s, Is a_gubstitutede unsgbstit ut ed
het er ocycl yl y up, typigally where the
het erocycly |ety is attacked to tf)e al kyl noiety by

a 10het er oat ceryAin SLN\ enb )inents, Rl is a
substitute 1d¥/ﬂ/su0 tuted hete -lyclylnethykngroup
such as a a substituted or unsubstituted )

ni t r ogareq Minteaiboidigeds e and RE hid dieh mdepextdwﬂy —phéCICH;.
for exanpl e, includes a heterocyclylmeth group
cont ailRiceyaia embodupens.dt dﬁ@éHEStﬁth ORHNY satugeéidtﬁ%moaryl group,

gﬁéﬂs"é‘%&ml %Cﬁ&l‘tlﬁgu Jt]?\ﬁﬂegln tFo%r%ﬁ%ﬂ&%H%K?t%goaryl group,

articu erocycly oups

nmntdmwrlmmtnmtedandm:kul&tyﬂumd paudyl\gromt (eyg., gisobsiiuted pyridyl).
Exenplary substituents fior the hetgrocycl

in R IPEENEHASTHRETBENt} &S APHPYUYEd ORENT: 8tr1mFFé1tFﬁ5‘FPyl group,
GLOVRSa methylpheh§l, %@fat@h@nﬁ@%ﬁ'uﬂﬁ[ﬂsﬁtut@@ﬁm N

Structural "Fornul a are represented by S ructurm
For nulla cgitain)entodimants, R’ 1R3(suhstttutsd| ot abdubsiataddstabcyRlylalkyl
gr(()jupl,?kyplcall%/ wheéte tlgeet%%rlog)? qyl mme?y is attached to the alkyl moiety by a
heteroatom. In certain such embodiments, R' is a substituted or unsubstituted
heterocyclylmethyl group such as a a substituted or unsubstituted nitrogen-
containing heterocyclylmethyl group, which, for example, includes a
heterocyclylmethyl group containing a nitrogen atom and optionally a second
heteroatom selected from nitrogen and oxygen. Particular heterocyclylalkyl groups
include morpholinomethyl and 1,2,4-triazolylmethyl groups. Exemplary
substituents for the heterocyclic moieties in R' include one or more hydroxyl, halo
or methyl groups.

In certain embodiments, compounds of Structural Formula (I) are

represented by Structural Formula (I1I) or (IV):

14



Exanpl es of conpounds represented by Structura

Formula (1) include those 5represented by Structura
wohkossnsbsse (V) and (VI): Conpounds of piirgs2008/007771

i nvention, including novel compounds of the invention,

can al so be used in the nmethods described herein.

5Si rt ui n- nodul ati ng conpounds of the invention

advant ageousl y nodul ate the | evel and/or act%yity of a

sirtuin protein, particularlg, the deagcetyl activity
of the sirtuin protein. W)

2008/ 156866PCT/ US2008/ 007771 r ately or in
addition to the above propertfes, cartain

si rtui n-nodul ati ng conmpounggy of the igventi on do not
substantially have one or none of the\ollow ng
activities: igmi bitiq@ of Pl 3-\kinase, igzhi bition of

al dor educt as€, ThpFbT i\ on of e ki nase,
transactivaion o pse, coronary

di [ ati on, , at

concentratio of " the“conpound W are effective for

protein (e.Q1, such as a SIRT1 and/or a SIRT3
protein). An al kyl group is a straight dHY) ned,
branched or cyclic non-aromatic hydrocarbo ichis
conpl etely saturated. Typically, a strai j
10 branched al kyl group has from 1 to abput 20 garbon
atons, preferably from1l to about 10, and a cychiic

al kyl group has from3 tg about 10 carb
preferably from3 to abo 8.
chai ned and branched al ky
ethyl, n-propyl, iso-prop
tert-butyl, pentyl, hex%h,
strai ght chained or bra
referred 15to as a "l ower
Aromati c

,!'sec-butyl,
Noctyl. ACl-C4
group is also

up.

arbocyclic aromatic

7 and ant hracyl, and
het er oa groups gdch as\i m dazoblyl, thienyl, fury!,
pyridyl, TN /f azol yl , pyrroyl,
pyrazinyl/, thiazolyl, oxazolyl, and tetrazolyl.
20Aronathc groups al so include fused pol ycyclic
aromati & ring systens in which a carbocyclic arorfdV)c
ring Qr. r 1 1$3 nore ot her
net or S SHABL Y R LR P Ik BRls ny

benz obntayiplesiofidompbundiuiepiebéngd by Sevatotdh Faznnhla (1) include those
benzoxazol e, benzi m dazol e, qui nalinyl, isoquinolinyl
gﬁ—paeﬁeg@é g’éf SipeturplForapbe D @nddY ocycl i c rings are
non-aromati c carbocyclic rings which 25include one or
nore heteroatons such as nitrogen, oxygen or sulfur in
the ring. The ring can be five, six, seven or

ei ght - menbered. Exanpl es incl ude tetrahydrofuryl,

t et rahyr ot hi ophenyl , nor pholino, thionorpholino,
pyrrolidinyl, piperazinyl, piperidinyl, and
thiazolidinyl, along with the cyclic form of sugars.

15



A ring fused to a second ring shares at | east one

common bond. 30Suitable substituents on an al kyl,
WwOrous/ssegpgat i ¢ heterocyclic or aryl group (car lpeaushe08/007771

and heteroaryl) are those which do not substantially

interfere with the ability of the disclosed conpounds

to have one or nore of the properties disclosed

herein. A substituent substantially interferes wiyh

the properties of a conpound when the magnitud

property is reduced by nore than about 50%in{a

conpound with the substituent conpared with alconpou

wi t hout the substituent. Exanples of suitable \\\\

substituents include -OH, hal 6gen (-Br$ -1

-F), -ORa, - 5 0-CORa, -CORa, -Noe,
- COOH, -COORa, -0021e, -C(0)N NRaRb,
-S03H, -NH2, -NHRa, - N(RaRb), - CONH2, -

CONHRa, - CON( RaRb), - NHCORa, HNNRCORa,
- NHCONRaH, - NHCON( RaRb),
- NRcCON( RaRb) , S~Q( =N

- NH C(=NH) - N(
-NH C(=N e) - N( RaRb) ,
- NRd=CE=NH) - NHRa, - NRd- C( =NH) - N(R aRb)

-mﬁ%ﬁg?éNRc ~NH2, NHRa, -NRd-C(=N e)-N(RaRb), -NHNH2,

- MHNHRa, NNHRaRb, - S02NH2, - SO2NHRa, - SO2NRaRb,

- CHRa,/ - CH=Cl eRb, -C e=CRaRb, Cfe=CHRa, -

15Cke= Rb, -CCRa, -SH, -SCkRa (k is 0, 1 or 2), V)
-S(0)kORa (k is 0, 1 or 2) and - NH C(=NH)-NH2. Ra-Rd
are each independently an optionally substituted-group
sel ected froman aliphatic, benzyl, C group
preferably an al kyl, benzylic or aryl . [
substituents on Ra-Rd are selected from NH2, { NH( Ci
4al i phati c), N(CI 4al i phaticy2, hal ogy AN

Cl _4aliphatic, OH O(Cl_4ali CN, 20CQ2H,
CIE(C14aI|phat|c) O(hal oG _4 i
hal oG _4al i phatic, wherein e
C _4aliphatic groups of is
- NRaRb, taken together, substituted or
unsubstituteq%non arqqatlc het\e group. A

non- aromat i ¢/'he clic gro:p, ), bexzylic group or
aryl group ) .
aliphatic g itognt. A/substituted

25al i phatic : on-aromati c

het erocyclic/ring, a substltuted a non- aromatic

het cyclic/ring, benzyl, substituted benzyl, aryl or
upbsti t aryl group as a substituent. A substituted

al\i phatfc, non-aromatic heterocyclic group,

S ttuted aryl, or substituted benzyl group can haﬁ§D
nore than one substituent. Typical substituents on a '
aryl r(idﬂgooalh&s §1€t|he @ﬁ\&ﬂtlbﬁ OftladEg dolel domhpaings 6fithe invention,
30hal ogen; - SR, 1, 2- et hyl enedi oxy;

garpalge 9P@ﬁdéaut@@<yleth99éﬁy$cn@pﬁjlereln

Sirtuin-modulating compounds of the invention advantageously modulate the

egoi ng
I n addition,

level and/or activity of a sirtuin protein, particularly the deacetylase activity of the

sirtuin protein.
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optionally substituted with Ie; -0(Ph) optionally
substituted with R -(CH2)1 2(Ph), optionally

wosiskdedt ed with le; -CH=CH(Ph), optionally pcT/US2008/007771

10

15

20

25

30

substituted with le; -NO®2; - CN -NR2; -C(0)C(0)R
-C(0)CH2C(0) R, -C2R, -C(0)R, -S(0)2R; - S2N(R) 2;
-S(0) R, -NRSOZN(R)Z -NRSO2R, - C(=9) N(R)2 or -C(=NH) -

N(R) 2; A

el ot S i dtBich (18E REN R0 SR b Sy Rlin B btaring

aloiploahdof the investitys 1o hot @ﬁstﬁnt@alrye}rdie road oh ﬁi(ogé ofuhglfodowing

S5heterocyclic rin henyl r -CH2 _or, ]

r?Gf‘Wt‘Fﬁs‘{){]%ﬁHH}%‘gOftfﬁ% KiRFFainbibiiP 8 éﬁ)&wreéwsmab%@mb?ﬁtwosme
r f

JE e PR Aliohpt BOFK G RAGTMASHrbHED uilfio o it

eiatlhltyR agmmqentrstldmmf cdhe domipouad Sh -armelﬂﬁmtled fmymbdxﬂhkxyg the

ter cl , . Or, heteroaryl ring Vj -3
b SR e it airbhio Py SoilB e such FOmS YT Gyl 2 SIRT3
y@fyy, or sulfur. Optional 10substituents on the

aliphatic group of R are selected from NH2,
NH( C1_Atmhlkphgroup s a Nea@ght4hhingtdiranghed onaydgemn-aromatic

gééal | g)gltvlgﬁgq fs d)omR(quﬁlgl sat\:{gateél ihlﬁﬁ% acs}ral%ll?%amed or

rn;aé.ﬂ;@ecwm&l £dap ihas FORET B dbotash cathoh BB pRIGPN from 1 to

Ci _4aliphatic groups of R is unsubstitut ed
@by iaandasydic fékﬂdgrwwbastfsomr}do\aéputam esbamatpmisopreterably

q‘}/ontl E 5 afxﬂl\f?ntftx% s Sof S?I'gll%ll’]l ol o%eand%a che h(tyl ilgﬂoutplg $hclude

ormation o USG

tn@&’tm'l sthobherop@f Sbé‘prblﬁyl C@Bﬁ@ﬂ%@é—bﬁfﬁt teﬂQﬁIS}ﬂsﬁentyl hexyl,
stability sufficient to allow manufacture and t hat

PEREH 30 He A Gilegt W@r‘gb'f chafied o bpaghed plyl group is also referred
St&'fcxghel'o%hlﬁ%gf"'%g f t! me to be useful for the

pur poses det erein. As used herein, a
"sol u bAtomatrug(agrl))gm‘ups mcmdmfmaﬂtoyyctlfcaetromaac gmilps ptinH asphenyl,

20char act uff t to rove or increa
PRV ardnrecy! ahd brigrocpy wpa ek iSRS, iy, furyl,

'pvﬁhylds imf1 GRRAN Iaiblﬂn gﬁyrﬁﬂﬂpp%ﬂngl?an%ﬁﬁ, and

not 1nc ude theé group. The ydro I'ic” ¢haracter can
eiragehileved by any neans, such as by the i ncl usi on of

functi Onrafllatl roq_{f) L?p)at ) ? t}l € 5‘1 € cl condi.tion % I,
use t & PORHS BFAPyaoBTIuds 85S¢ BOIyCY ‘cca%f%‘B%}‘fPBga%ﬁﬂB n
SHHi N tabESIclis ardRASINGT diCheA&bals1 rlﬂghsﬂﬂﬁed #@5ieCor)more other

groups t hat include permanent charges

TR YIS R GrHP L i im ol b be b b diy guinolinyl,

RELEIBH Top A, et Mrs iy ) aifioindon
, N ( CHd)arofmaty Betkxocydlid £hig9 sre GoR)aNRaRa; cebecyclivhiageivmhich
sel ected from hydrogen, .| ower al kyl, | ower

Hgf&ﬂl% ANEAr Mqredeteropforns such asiitrogen, HWWISUW@? teopne. The
ainYlcah k¥ ivang, Q%oawm elgﬂwﬂm&@d%xhﬁ af\ém@é e%ahydrofuryl

substituted;, and y is I nt eger rang romO
tetrahyrothlophenyl morpholino, thiomorpholino, pyrrohdmyl plperazmyl

piperidinyl, and thiazolidinyl, along with the cyclic form of sugars.

A ring fused to a second ring shares at least one common bond.

Suitable substituents on an alkyl, non-aromatic heterocyclic or aryl group
(carbocyclic and heteroaryl) are those which do not substantially interfere with the

ability of the disclosed compounds to have one or more of the properties disclosed
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optionally substituted heterocyclic groups (e.qg.,

-(CH2)n-Rb, -(CH2),,-C(0)-Rb, wherein Rb is selected
wohomNsedss opti onal |y substituted saturated nopoeNSki0g007771

het erocycl e, an optionally substituted saturated

bi cyclic fused heterocycle, an optionally substituted

saturated bi cyclic Spiro heterocycle, an optionally

¥1| ! ugu%gtlftblglﬁt ?rra% 1a] 1gte%f'e%%llt19ﬁ1% rééﬁ)ez{;ilgsZ#]at %)tn?}gound

y Su n--ar heter oc

amhm&e geignitadigs tble fprdpmg) i$ fzada?ced by mebhothha absut 50% in a
5understood that substituents present on Ra or Rb need
rremponpad st the subséifuont eompared vath a enmpqupd syighout Hisi substituent.

Hﬂaééé 3f”stu§9b18 9&%&@% {n%lutdg B8, W!al‘i)gér[‘gb?,ﬁ gtic‘i"aﬁ% o), -OR?, -

efinitiron I'S require
5 s(mﬁ(blk't HEORS, -ABONRT, -ENg ANOF o&m(l)H JGYBRE OB R?, -C(O)NR“Rb

- sol i fforded h
RSN é@ﬂaﬁ’a&ﬁﬁ,@%ﬁﬁfw“ﬁﬁ g&eb %&%M@Nwh@
H*Pnia' 208 I@'R@r PNHIEORESRR foHb (I‘>
10t acklng e 20 |Z|ng

correspondi’ng conpdund
NBCONRRBasIREONHd, -NRCIY R,y NRECOMBR ) 0-F(NdH)-NH,, -

T
10 a}g@aﬁ le LC Tm%fch?@\lﬂgtr{gagmﬁmiﬁge)wdgg | .NH-

f@(&ﬁﬁm) NI‘Izﬁ)fNH C(j=é\Hi I)é\]HBf ede@(FNBHA(RIBAY -NROAE)(NH)-NH,,
P A AT S5 e N T PR RE ¥R B Bl -conm)
aNJMRP ,-Nwew(erw(Rala KN HNSL O HITAR? | WHSRIAREY LS@M
ARl 0o G 0"l Suralant o branched

15  CR°=CR®R®, -CCR? -SH, -SOR” (k is 0, 1 or 2), -S(O);OR? (k is 0, 1 or 2) and -
NH-C(=NH)-NH,. R*-R? are each independently an optionally substituted group
selected from an aliphatic, benzyl, or aromatic group, preferably an alkyl, benzylic
or aryl group. Optional substituents on R®-RY are selected from NH,, NH(C;.
saliphatic), N(C,_4aliphatic),, halogen, C,4aliphatic, OH, O(C,4aliphatic), NO,, CN,

20  CO,H, CO,(C, saliphatic), O(haloC,_4 aliphatic), or haloC,_saliphatic, wherein each
of the foregoing C, saliphatic groups of is unsubstituted. In addition, -NR®R®, taken
together, can also form a substituted or unsubstituted non-aromatic heterocyclic
group. A non-aromatic heterocyclic group, benzylic group or aryl group can also
have an aliphatic or substituted aliphatic group as a substituent. A substituted

25  aliphatic group can also have a non-aromatic heterocyclic ring, a substituted a non-
aromatic heterocyclic ring, benzyl, substituted benzyl, aryl or substituted aryl group
as a substituent. A substituted aliphatic, non-aromatic heterocyclic group,
substituted aryl, or substituted benzyl group can have more than one substituent.

Typical substituents on an aryl ring are selected from a solubilizing group,

30  halogen; -R°; -OR?; -SR°; 1,2-methylenedioxy; 1,2-ethylenedioxy; phenyl (Ph)
optionally substituted with R®; -O(Ph) optionally substituted with R°; -(CH;),.5(Ph),
optionally substituted with R°; -CH=CH(Ph), optionally substituted with R°; -NO;; -

18



7226728 c.Z27 d. e. or WO

2008/ 156866PCT/ US2008/ 007771 f. both R11 npieties are
wobasasedspget her with the nitrogen atomto whi pbriuReM08/007771

Z35 34 N1l Z38 are bound to forma ring of the

structurez375 Z31\

10

15

20

25

30

CN; -N(R®)z; -C(O)C(O)R®; -C(O)CH,C(O)R?; -CO,R®; -C(O)R?; -S(0)2R®;
-SO2N(R®); -S(O)R®; -NR°SO,N(R®)2; -NR°SO2R?; -C(=S)N(R°),; or -C(=NH)-
N(R°®),; or wherein each independent occurrence of R® is selected from hydrogen,
optionally substituted C, ¢ aliphatic, an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring, phenyl, -O(Ph), or -CH,(Ph), or, notwithstanding the definition
above, two independent occurrences of R°, on the same substituent or different-
substituents, taken together with the atom(s) to which each R° group is bound, form
a 3-8-membered cycloalkyl, heterocyclyl, aryl, or heteroaryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur. Optional
substituents on the aliphatic group of R® are selected from NH,, NH(C, 4aliphatic),
N(C,.4aliphatic),, halogen, C;4aliphatic, OH, O(C, 4aliphatic), NO,, CN, CO,H,
CO»(C, 4aliphatic), O(haloC, 4 aliphatic), or haloC, saliphatic, wherein each of the
foregoing C; 4aliphatic groups of R° is unsubstituted

Combinations of substituents and variables envisioned by this invention are
only those that result in the formation of stable compounds. As used herein, the
term “‘stable” refers to compounds that possess stability sufficient to allow
manufacture and that maintain the integrity of the compound for a sufficient period
of time to be useful for the purposes detailed herein.

As used herein, a "solubilizing group” is a moiety that has hydrophilic
character sufficient to improve or increase the water-solubility of the compound in
which it is included, as compared to an analog compound that does not include the
group. The hydrophilic character can be achieved by any means, such as by the
inclusion of functional groups that ionize under the conditions of use to form
charged moieties (e.g., carboxylic acids, sulfonic acids, phosphoric acids, amines,
etc.); groups that include permanent charges (e.g., quaternary ammonium groups);
and/or heteroatoms or heteroatomic groups (e.g., O, S, N, NH, N-(CH,),-R",
N-(CH,),-C(O)R?, N-(CH,),-C(O)OR?, N-(CH,),-S(O),R"*- , N-(CH,),-S(0),OR?,
N-(CH,),-C(O)NR'R?, etc., wherein R” is selected from hydrogen, lower alkyl,
lower cycloalkyl, (C6-C14) aryl, phenyl, naphthyl, (C7-C20) arylalkyl and benzyl,
wherein R” is optionally substituted; and y is an integer ranging from 0 to 6),
optionally substituted heterocyclic groups (e.g., -(CHz)n-Rb, -(CHz)n—C(O)-Rb,

-(CH2),-O-(CH,)n-R®, wherein R® is selected from an optionally substituted saturated
19



Z30 N NRL 7 or g- both el noieties are taken
together with the nitrogen atomto which they 5are

wooesnGedse form a 5-nmenbered heteroaryl ring coegtraisnio’d®or771

10

15

20

1 to 3 additional N atons, wherein said
heteroaryl ring is optionally substituted with Rit;
wher ei n: each i s independently sel ected from

g 0 AP O

-HetdrbE)c(dRah bptiomillyl shbstitutedrsemraiéd Bid4clic/sphro l%i’éch;ZiI& ,an
and Z28 are -C(R50)(R50)-: at |east four O Z30
pbonghsubstiiadcheseprabapdkemeptionaly substtwsd partially Sepstinuted

. : O)
g argtinert ‘é%rll%éﬁtzlny@gg |“§§$€r35‘f%' %ihgyﬁ{d@r E)(R%n) o?hog‘?%ﬂ?
Smdalsgh)ti that sﬂlﬁhrtamthp&sait k)yllRa(mtR areadl hyt 1m1heize éruhetase water
e R b B i e
Qfeﬁnglon All that %%&m%ﬁ 1% %hdt @Q&Pﬁﬁg@tﬂ%ﬁﬂ( ds %loﬁﬁgﬁﬁicgﬁt‘?}"'}everse

hal o, CN, -(Cl-C4 straight or branched

athkyh})rovei(léimyl (\nﬁtér)aoldﬁ]m affoRied by=tke,unstiSrhited BF or-R® moiety.
any t sui t blen R5 are optiona
oo arBoRgeoR e, b GhblizeHeds ety Jraleorbifty of
ah& 8orYésBofRdiAg cambameiiayking enesomitiAgfg roupl R Uskee5Fold,

preferably at least 10-fold, more preferably at least 20-fold and most preferably at
least 50-fold.
In one preferred embodiment, the solubilizing group is a moiety of the
formula:
-(CH2),-R'-NR'""\R "), wherein:
n is selected from 0, 1 or 2;
R'% is selected from a bond, -C(O)-, or -O(CH3;),; and
each R'"' is independently selected from:
a. hydrogen;
b. C;-C, straight or branched alkyl, wherein said alkyl is optionally substituted
with halo, CN, OH, O-(C,-Cj straight or branched alkyl), N(R,")(R,"), or =O;

225 j/

Zze Zze

20



bicyclic fused or Spiro ring; and Z34 7 Z30 257720735
Z31 IIN-1 Z26,,2282237236238232 Z , or33 ring structure

woi2gospBtgeenal | y benzofused or fused to a nonocyelriug2008/007771

10

15

20

heteroaryl to produce a bicyclic ring. For
clarity, the term"Cl to C2 al kyl ene, al kenyl ene or
al kanedi yl i dene bridge" neans the nultival ent

stryctur.esio TP 1 -, a-CHe =CH - .

o PR Midfgiesarc ket Fgeter A P Tyseru e o whhare
to one another can be either on the sane carbon atom

or different carbon atons. The 5f oraer¥‘predutes a

spiro bicyclic ring, while the |at?®r produces a fused
bicyclic ring. It will be obvious o tho%e of skill in
the art that when two R5 are bound3¢o_ori&3anot her to

f or m are bovgd(taffetnhe ringiofdlot $tyuctire t hr ofh one of the
recited bridges), one or nore ternjnal hydrogen atons

on each R5Zwi || be lost. Ac i ngl®y, a "suitable
non- cycdtic 0, 1soiety availablNe for formng a ring
is a non-cyclNc R50 that 10 conpkises at |east one

terniﬁ%h\hidrogen at ggp—N I n/anot her preferred

enbodi ment3% he solombi l i zi oup i;®ra noiety of the
fornula;, 5{(CH2)-0-Ri wherejn n.an 1 are as .

ot Pt oy Bioteres are okt oaeis i dhe o figBtiehich they
the sakdibiundzb Fmeh SUReberdd Heiefdarylding EtdiRingUl 8:3 additional

-(CH2).-C(0)-R1", wherein n and Rl are as_ defined
above N atoms, wherein said heteroaryl ring is optionally substituted with R;";

wherein:
each Z is independently selected from -O-, -S-, -NR'-, or -C(R**)(RY)-,
wherein:
at least three of Zyq, 7o), Z27, and Z3 are -C(RSO)(RSO)-;
at least three of Zy4, 755, Z6, Z27, and Z,g are -C(RSO)(RSO)-;
at least four of Zsg, Z31, Z3», and Z33 are -C(R5 0)(R5 0)-; and
at least four of Zsq, Zss, Z3¢, Z37, and Zsg are -C(RSO)(RSO)-;
each R' is independently selected from hydrogen or a C;-C; straight or
branched alkyl optionally substituted with one or more substituent independently
selected from halo, -CN, -OH, -OCHj3;, -NH,, -NH(CH3), -N(CH3),, or =0;
each R is independently selected from R;', halo, CN, OH, O-(C;-C4 straight
or branched alkyl), N(R;")(R}"), =CR/', SR, =NR ', =NOR /', or =O;
any two suitable non-cyclic R*® are optionally bound to one another directly
or via a C, to C, alkylene, alkenylene or alkanediylidene bridge to produce a

bicyclic fused or spiro ring; and

2y
any Zyy : Zy;3 Z37 ,or 33

ring structure is optionally benzofused or fused to a monocyclic heteroaryl to

produce a bicyclic ring.
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15In a nore preferred enbodi nent, a solubilizing group
is selected from11l NN) ( ) -(CH2)1-R102, wherein n

woi2eoshseskeor 2; and R102 is selected fromO , Bcr/us2008/087771
N....--N. YFF _ 111

For clarity, the term “C, to C, alkylene, alkenylene or alkanediylidene
bridge” means the multivalent structures -CH,-, -CH,-CH,-, -CH=, =CH-, -
CH=CH-, or =CH-CH=. The two R* moieties that are optionally bound to one
another can be either on the same carbon atom or different carbon atoms. The

5  former produces a spiro bicyclic ring, while the latter produces a fused bicyclic ring.
It will be obvious to those of skill in the art that when two R are bound to one
another to form a ring (whether directly or through one of the recited bridges), one
or more terminal hydrogen atoms on each R*® will be lost. Accordingly, a “suitable
non-cyclic R>* moiety available for forming a ring is a non-cyclic R’ % that

10 comprises at least one terminal hydrogen atom.

In another preferred embodiment, the solubilizing group is a moiety of the
formula: -(CHz)n-O-le, wherein n and R'"! are as defined above.

In another preferred embodiment, the solubilizing group is a moiety of the
formula: -(CH,),-C(O)-R ', wherein n and R, are as defined above.

15 In a more preferred embodiment, a solubilizing group is selected from

|
N

z-|
z|

-(CH)»-R'®, whereinnis 0, 1 or 2; and R'% is selected from ©  , S, Ri
: e —
N N | | R1\NJ N
) " e .
N N [ l [ ]/ N R1'\N)
) N N-R; SNTOR, N A
Ry Ry Ry H H ZN 0

b 2 F, F 2 S7F F’ F 2 )F F’
Ry 31' T
_N N. o.s 1
YO, 7 @ e
R1" N . N , NR1'R1"
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_N N
Sy K I s e
_N b N bl N—/ 2 R1" OH OR1') R1 b
" 5
LY L
ORy' 0 , Or Ry’ O , wherein R are as defined above.

In an even more preferred embodiment, a solubilizing group is selected from
2-dimethylaminoethylcarbamoyl, piperazin-1-ylcarbonyl, piperazinylmethyl,
dimethylaminomethyl, 4-methylpiperazin-1-ylmethyl, 4-aminopiperidin-1-yl-
methyl, 4-fluoropiperidin-1-yl-methyl, morpholinomethyl, pyrrolidin-1-ylmethyl, 2-
oxo-4-benzylpiperazin-1-ylmethyl, 4-benzylpiperazin-1-ylmethyl, 3-oxopiperazin-1-
ylmethyl, piperidin-1-ylmethyl, piperazin-1-ylethyl, 2,3-dioxopropylaminomethyl, -
thiazolidin-3-ylmethyl, 4-acetylpiperazin-1-ylmethyl, 4-acetylpiperazin-1-yl,
morpholino, 3,3-difluoroazetidin-1-ylmethyl, 2H-tetrazol-5-ylmethyl,
thiomorpholin-4-ylmethyl, 1-oxothiomorpholin-4-ylmethyl, 1,1-
dioxothiomorpholin-4-ylmethyl, 1H-imidazol-1-ylmethyl, 3,5-dimethylpiperazin-
lylmethyl, 4-hydroxypiperidin-1-ylmethyl, N-methyl(1-acetylpiperidin-4-yl)-
aminomethyl, N-methylquinuclidin-3-ylaminomethyl, 1/-1,2,4-triazol-1-ylmethyl,
I-methylpiperidin-3-yl-oxymethyl, or 4-fluoropiperidin-1-yl.

To the extent not included within any of the definitions set forth above, the
term “solubilizing group” also includes moieties disclosed as being attached to the
7-position of 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid
(ciprofloxacin) and its derivatives, as disclosed in PCT publications WO
2005026165, WO 2005049602, and WO 2005033108, and European Patent
publications EP 0343524, EP 0688772, EP 0153163, EP 0159174, as well as “water-
solubilizing groups” described in United States patent publication 2006/0035891.
The disclosure of each of these patent publications is incorporated herein by
reference.

The compounds disclosed herein also include partially and fully deuterated

variants. In certain embodiments, one or more deuterium atoms are present for
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kinetic studies. One of ordinary skill in the art can select the sites at which such
deuterium atoms are present.

Also included in the present invention are salts, particularly pharmaceutically
acceptable salts, of the sirtuin-modulating compounds described herein. The
compounds of the present invention that possess a sufficiently acidic, a sufficiently
basic, or both functional groups, can react with any of a number of inorganic bases,
and inorganic and organic acids, to form a salt. Alternatively, compounds that are
inherently charged, such as those with a quaternary nitrogen, can form a salt with an
appropriate counterion (e.g., a halide such as bromide, chloride, or fluoride,
particularly bromide).

The compounds and salts thereof described herein also include the hydrates
(e.g., hemihydrate, monohydrate, dihydrate, trihydrate, tetrahydrate) and solvates of
the compounds and salts thereof. Suitable solvents for preparation of solvates and
hydrates can generally be selected by a skilled artisan.

The compounds and salts thereof can be present in amorphous or crystalline
(including co-crystalline and polymorph) forms.

Acids commonly employed to form acid addition salts are inorganic acids
such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid,
phosphoric acid, and the like, and organic acids such as p-toluenesulfonic acid,
methanesulfonic acid, oxalic acid, p-bromophenyl-sulfonic acid, carbonic acid,
succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such
salts include the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate,
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate,
chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, acrylate,
formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate,
suberate, sebacate, fumarate, maleate, butyne-1,4-dioate, hexyne-1,6-dioate,
benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, hydroxybenzoate,
methoxybenzoate, phthalate, sulfonate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate,
glycolate, tartrate, methanesulfonate, propanesulfonate, naphthalene-1-sulfonate,

naphthalene-2-sulfonate, mandelate, and the like.
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OR1'0, or RI'0O, wherein R1' are as defined above.
In an even nore preferred enbodi nent, a sol ubilizing
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10

15

20

pi perazin-1-yl carbonyl, piperazinyl nethyl,

5di et hyl am nonet hyl , 4-net hyl pi perazi n-1-yl net hyl,

4- am nopi peridi n-1-yl - nethyl,

4-flu i R&Ld di n: -y - Ly l.i :

oyr I Olci?ag? I%l;ﬁ?l_l:[lfl)ﬁ ﬁé‘l{%l}r}ﬂudg?ﬁﬁx deri V& f?gr% 1h5]r%g§1tcri)\élses, such as
axiomdnibenor\diiil peralizadline leasth Rt d1\Hydroxides, carbonates, bicarbonates,

4- henz Ipiperazin-§%¥lnethyl, o ) )

g toplile Psh hasey basdehipi preparperthesaits of higdnteption thus include
' L eyl - di 0% j .

PRIl B oy S PO Wy

Larooabte] midodhe diken- 1-yl, 10nor phol i no,

3, 3-difluor.oazetidin-1-yl nethyl, ) ) .

2H t et‘%%?? gt ?’Wg‘Pq{ﬁr}%@HP%% PETSERL IBY§AtipRYides methods

' i ety | ! -
VKSR TRE Bl dbtthel] sfFRfillodufuths compounds; The compaunds

3ndyr bl symthesizpd peing zbmventiphatgedhpiiques. Advantageously, these
1H1,2,4-triazol -1-yl met hyl
included within any of t I ni tiNk3s set forth

\
of N
di.scl gggd in PCI publjcatians 20 2005026165,
2550 R96852 STqHR b %62‘?% NeCHRtY %U?]gﬂeérg"ﬁﬁ?%yﬁf))gmup
dexertcdadth 2 Uravirgrigrstpt 2aitpeacetophgndskci(e.gt, i2elmlo, 2'-
partially and fully deuterated variants. In certain

4- hydr o i peridin-|-yl pet.h . : : :
PP e BORNpIopiy VP BFHEA oy reagibr bl tarting materials.
N- et hyloge bﬂ%@ﬂin%n@,‘&r%lrﬁdﬁnmﬁi‘w the invention are prepared
BsgordingHy iths tedlovangmsthpl.- dxpheichyipound of the following formula:
4-f| uoropi peridin-1-yl. 8 To the extent not
above, the term "sol ubil{\zi ng group” al so incl udes
noi eti es di scl osed as bei\ng attached to the 7-position
1-cycl opropyl-6-fluoro-%¥ 4-di hydro- 4- oxoqui nol i ne- 3-ca
rboxylic acid (ciproflRd%cin) and its,derivatives, as
RUBdH&RA WathSa BRViA3 4R sudiPas MR84S calbbn i T8 16 3thdkFcarbonyl),
0159174; as well as "watersol ubiliZing groups”
2006/ 0035891. The di,scl osur f each af these t .
SR PRaEe aT B3 3t SRlely ResrlF g or A FERE R otowing
2bipeusd@npounds di scl osed herein al so include
enmbodi nents, one or deuteri um@jpns are present
for WD 2008/ 15686 PCTTS?&&G&Q 007771

N ///

R100

190 into —R'. In embodiments where —

This compound is then reacted to convert —R
R'% s an alkoxycarbonxyl, then group is typically first converted into a carboxylic
acid (e.g., using base such as an alkali metal hydroxide like NaOH or KOH) and
then reduced to hydroxymethyl using an appropnate reducing agent (e.g., NaBH,).
The group is then transformed into R' by reacting the hydroxymethyl group with R’

and, if needed, through an intermediate step to increase the reactivity of the
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kinetic studies. One of ordinary skill in the art can
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salts, of the sirtuin-nodul ati ng conpounds descri bed
herein. The 5 conpounds of the present invention that
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de t he

pi sul fite,
phosphat e, nonohydr ogenphosphat e, ggenphosphat e,
met aphosphat e, pgeophosphate, chloride,~ brom de,

i odi de, acetate, propionate, decanoate, caprylate,
Jélpsﬁ(am@ung 4% oaagiet evith @@bi@ﬁiyﬁrcbl&;el,h-@ldpti@a@cét,hiazole carboxylic acid

DRI A B S e o
uhianeidg deetit 0ag e SOTRR YO €orin reGreRicecoh at e,

chl orobenzoat e, nethyl benzoate, dinitrobenzoate,
hydr oxXyBthste ghemistiyttigsippeations and methedglagies useful in

n € | ; . .
SRR oSS0 Sy PARRYSE P8 Brn e g n
getrand 1impalden Xyrbaxtaypdd, ehosd@ighgribel an B, Lamick) @bmprehensive Organic

th | f t | f t ht hal e-1 ‘
Teqnsiasratiens hysunbl WnGresne and onGe M. Wi ateave Grgups i
tad?ga;luk @ntheéé@ ;220 @8/ @1@@&? §PETdsEISZR0% @Q:Zgr? }: ieser and P?égr’s

ddition salts include those derived frominorganic
Waessits fouhrgasicafyntiasiafl ¥4)adridal.i Pagpettd, led, iEneydepddin of

tal hydroxide ar b s, bicarbonates, and the
F?@?W“gﬁé 'Sﬁgfzbﬁéﬁpﬁﬁﬂﬁﬁspreparing the salts of this
I nventh @n ek diHplatN&hb&@ment, a sirtuin-modulating compound may traverse

the cytoplasmic membrane of a cell. For example, a compound may have a cell-
permeability of at least about 20%, 50%, 75%, 80%, 90% or 95%.
Sirtuin-modulating compounds described herein may also have one or more

of the following characteristics: the compound may be essentially non-toxic to a
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provi des net hods of producing the above-defi ned
sirtui n-nodul ati ng conpounds. The conpounds may be
synt hesi zed usi ng conventi onal techniques.
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hydroxide |i ke NaOH or KOH) and then reduced to

fapdptosagmet hyl using an appropriate reduci ng agent
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by P AR e g e PO g Sotlave any
rReedatial biOH G InRiBit I HiStonE dele 1@%31_?11@(:& REdsS RSLHDA class
reactivity of the WD 2008/ 156866PCT/ US2008/ 007771

AL or BMes hond Hr gugoncentptiong (e.g.5 inwiv ek ¢ffagljve for modulating the
t i chl. : | ' .

ST bR L RUE RSy AR Bl RS LR

Ekanpinardylatimgwempoiin®Rss 4 siethindactivatipg cdrhpeundrishd is chosen to

hae wp ekt SN 5 RETHBRFBNEPeHUeY UL st o] ess
! e FCQYRrithibBIBHTFdn HID REGLIRAGIHRE 1M 4 enmore

sui t abl e 'reduci ng agent, such as Pd/H2 or sodi um

ipyefemblyl dtilekst 16 6018010 fohdorf @leh dW00 dold degso Miethods for assaying
HDAC I and/or HDAC II activity are well known in the art and kits to perform
such assays may be purchased commercially. See e.g., BioVision, Inc. (Mountain
View, CA; world wide web at biovision.com) and Thomas Scientific (Swedesboro,
NJ; world wide web at tomassci.com).

In certain embodiments, a sirtuin-modulating compound does not have any
substantial ability to modulate sirtuin homologs. In one embodiment, an activator
of a human sirtuin protein may not have any substantial ability to activate a sirtuin
protein from lower eukaryotes, particularly yeast or human pathogens, at
concentrations (e.g., in vivo) effective for activating the deacetylase activity of
human sirtuin. For example, a sirtuin-activating compound may be chosen to have
an ECsg for activating a human sirtuin, such as SIRT1 and/or SIRT3, deacetylase

activity that is at least 5 fold less than the ECs for activating a yeast sirtuin, such as

Sir2 (such as Candida, S. cerevisiae, etc.), and even more preferably at least 10
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typically in the presence of a catal yzing agent (e.g.,
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For example, a sirtuin-modulating compound may be chosen to have an EDs, for
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EDs¢ for modulating one or more of human SIRT1, SIRT2, SIRT4, SIRTS, SIRTG,

or SIRT7, and even more preferably at least 10 fold, 100 fold or even 1000 fold
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rgsl%%}a?roi aclgn %‘élﬁ A Apira rgn(')rp hA%ﬁrIrmg n‘?c;cfutlalflr% &3 opto%%w@ n{eary?glr:rease

ItlﬁHWbiakldfg sirfiéin @ﬁﬂemttw aafaetoa©f atvueast abbut2, 554 rs,uion20, 30, 50 or
protein froma | ower eukaryote. For exa

éPP{ i Htprighnpielptieg WW%W\@@H&B&&EP%O%W%@

I

oo Rlg Ut E b ST ) BIRBPSRT plofkin SHRE: BBn 3Bl ) i, less
ftidnchbloes 0 hivghest Itean| aB50t @ nMnhisbiltahnpgoa lyekk dess than about 10

S0 50 B S B E Py T S B s T 4D 3G, o
faBbgt 1- 168 NEdRABLO] dol B or B Bbduen baion | aIbadiireRL S,

a sirtuin-nodul ati ng conpound may have the ability to
mpiyl aing compoond meyenedulataitie ¢ragetylase haolyorfsy, SIRIdhand/or

%ﬁ]&%% %{‘(gf%x %g/p %Fﬁ%@? tglleﬁ?rpéf)gtgosf épg\é@ I}OS%(B T ﬁ 10§I zBsTr%Easured in

QrndliafBRhy ofinSd édIUbdiedaskdl an saﬁu@loamwmg &tﬂﬁpddiﬁ may cause
ability to nodul ate both a

SI RT SI RT
BSlchs b | GRS 0%, BT Fash IO doisk SAdeld arg0o old
%?e ferqr%l%cﬁgg %tf ﬂ{étdeal;etﬁﬁlsé bét%(/ tlty of%ﬂld]lllﬁtp?otgtxﬂgfatl%la % {Her&ame
onol , as, ror exanple, one or nore of
fevieen tr&li dl & re&d?ﬁ’(&)l 3 Rfdhin-bloRikatinSkéthboumt mdy Rdve amED50
concentratlons n VIVOE ef f

AP At ItRe PRl é@a%étayle&geabae Yfal @Ct ' %ﬁlf%@[@@» R} fold greater
o tﬁmln%duatlﬁ% lsww af@MHkatTNg conpound may be

chosen to have a O for 20nodul ati ng human SI RT1

deacet yl ase actiV|ty that is at least 5 fold | ess than

the ED50 for nodul ating one or nore of human S| RT2,

SI RT3, SIRT4, SIRT5, SIRT6, or SIRT7, and even nore

Br ef erRinpiaty Usgst 10 fold, 100 fold or even 1000

fold Iess. In one enbodlnent a SI RT1 nodul at or does

not haw eersmly aspegtst ﬁmma&tnt@bmrwislea metﬂmdmfcmtr@ochﬂairmme level
he nbod dul at or

AhEbe i aRara TS prdEva B s % e foaul ai o

ot her sirtuin protein honol ogs, such as, for exanple,

one or nore of human SIRT1, SIRT2, SIRT4, SIRT5,

SIRT6, or SIRT7, at concentratB3dns (e.g., in vivo)

effective for nodul ating the deacetyl ase activity of

human SI RT3. For exanple, a sirtuin-nodul ating

conmpound nmay be chosen to have an ED50 for

30nodul ati ng human SI RT3 deacetyl ase activity that is

at least 5 fold less than the



ED50 for nodul ating one or nore of human SIRT1, SIRT2,
SI RT4, SIRT5, SIRT6, or SIRT7, and even nore

woRhefeeshl y at |east 10 fold, 100 fold or evepcFaf¥oos/0o7771
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fold less. In one enbodi ment, a SIRT3 nodul at or does
not have any substantial ability to nodulate a SIRT1
pr ot ei n. In certain enbodi nents, a

si rtuin- | ati gk . o
11 il SR oo GRERAY R HRYREE IOk using sirtuin-
i dd¥ atib cotipolindd Wherefsthe shtvin-siddulbtingrogipbatdsegtivate a sirtuin
conpound may reduce (activatqr) ofr increase, L
PrOTRINDF-Boncrease thplexeland/ g acHyityoks siftyInPrieR-iifiuinor

i t ) .
syt Ml BR1EG SRLGFLGI B i gt
Inlrilaydﬁf usefud f@ndedietye nf merdﬁl&‘utighmﬂﬁ:aak’)mg iﬁeluéinlgi foecxarmpleg

the mass_spectrongtry. assa ' )
T O L AT —
Hidehdds Qn{i} Qfsotdess ﬁl@pﬁi‘ir{@tf@r &a r%;ﬁﬁs%%e@ or HRoR1et RBlt& to aging

extent than caused by Tesvera at a simlar
oo siTess} diabéten) obesityedewrededeactitive fliseasss, rardiovasoular disease,

B0 8l Fa i ar ST P it Bart . U AR e mhe methods
g%aﬁa?ﬁgaadmﬁwtﬁmg;@ LRAPRA Hﬁné&%hér@@ﬂ'eﬁﬁﬁa@mhaﬁltivgw e@éctive
y

uin protein a factor of at |east about 2,” 3, 4,
Mmoot o0sirt@id; medulgting oompguns, eiguiarsimwiddchyating compound.

conpo . av n_ED5S0, f o duj.ating the .
SabacLiyf AbeeNfs B pbBn 16 by FRIM B etisved oy
abtivR6S of A inahMihvdntioM mhe Eferhbranitial eiuinl & tAdkarh€kfation
t han about 100 nM Iless than about 1 uM | ess than

atithun thegirinn preigd (Egarnchibe site anateaffecuns thedwmnpdimax of the

Ao 108 PPt A 9D ks b b

st vatom pd idhabitorg cao hpaisub s taayalrsodolued] einbilteerity.

deacetyl ase activity of a SIRT1 d/.or 20SI RT3 pr ot ei )
by & AAEEHHn Smbadimens thegiguin-odylgting gtmpgindg gesciibed herein

100, b ASkARASKE SGin| ddndbifdlonUl A o8R5 8dnHbunds. B orklebodiment, a
based assay. A sirtuin-activating conpound nmay cause

anixtueasf tvabounokGittuidonedBaigg 8onpounds olay beFmdfrahigteredoto a

fold, .50 fpld or. 100 fold greater induction,of the

e Paebine Bt RopotRr EBpFRlePl A avEimoPufing Ginpognd that
iM@ef8helons end/bahdtBitydSf o REViMRbteR maybe administered with one
sirtuin-nodul ati ng conpound may have an ED50 25for
poisreef g fSlarngoeapousdy regvarpsiol. wéstin, fisgtipgpigeatanpol, or

f ol r? fold f%},‘ reater.. r &ﬁ-o

BbEptingR arapiict B Bo SRR I s Wbl ompoung e
¢oréRenNthesPet hed/of haivityuwdnit ditdinprot¢indasy behdaisstéed in
nodul ating .the | evel . . o )
combination with nicotinic acid. In another embodiment, a sirtuin-modulating
compound that decreases the level and/or activity of a sirtuin protein may be
administered with one or more of the following compounds: nicotinamide (NAM),
suranim; NF023 (a G-protein antagonist); NF279 (a purinergic receptor antagonist);
Trolox (6-hydroxy-2,5,7,8, tetramethylchroman-2-carboxylic acid); (-)-
epigallocatechin (hydroxy on sites 3,5,7,3",4', 5"); (-)-epigallocatechin gallate
(Hydroxy sites 5,7,3',4',5' and gallate ester on 3); cyanidin choloride (3,5,7,3",4'-
pentahydroxyflavylium chloride); delphinidin chloride (3,5,7,3',4',5'-
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and/or activity of a sirtuin protein and nethods of
use thereof. WD 2008/156866PCT/ US2008/ 007771

wol200286868i N enbodi nents, the invention provi degTNskée@dsr771
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for using sirtuinnodul ati ng conpounds wherein the
si rtuin- nDduIatlng conmpounds activate a sirtuin

pr ot ei n, increase the level and/or activity of a

ﬁ%%% aseﬂ;ffwyvﬂeveﬁidrrI or acﬂﬁébﬁﬂmﬁgggﬂgﬁgﬁaﬁgﬁ%

greatiejdnoSifayohe); BIK dl S’fpantahydmkyﬂa\;onef gasppetipngB15,%,8,3',4'-
i ncl.udi ng, exanpl e, increasing. the

pplicati

%eﬁ%@ﬁi&%ﬁﬁvan?)ewﬂn%wdtw MG Jhyteno é%ﬁwlmfﬂa one or
whaie Yraﬁh ‘%ﬁa/du%ttmg BRdSndy @b%@@%géred%wgﬁ@& mbQ
exanpl e, di sease |sorders related to aging or
Shmapeﬁmdgahsﬁmghe0bmsumyprm&umﬂd@gﬁhanau$dmaﬂesemﬂmﬁn&fbr
car di ascul di sease, , bl ood.clottin or der

T RIFGHICR CIbSIfS chevradRgPtsTa S, QAraseS, cerdiovaggpar disease, blood
s tiAg SnASmAANBA, RRhARMHBEshY et tsﬁ’es@ & bﬂn%hohf‘ need

t heredf a pharneceutical [y effective anount of

simtiodiments doimdbinatigndhberppies dompriging agirtuin- modulatmg compound
sirtui.n-actiyvatin onpound. ... Wi | e licants. do

ot T minetaeT S tResigns thet Py St itgairtuin-
ahédWai dnPouhBein ddRIARtIINNWERRNbhOBr fBe thBtaBE@ed agéhtsiie.g.,

a sirtuin at the same location within the sirtuin

[PNE1o8 WTQ thegapeutie agepds dgscabest hasping antf(@req-admimidrakion of one
Y bat
iosq%%(ﬁ 1r&1q1e ngo%\lvﬁa 1né %OJt%gE)Sx)lds w1Ith 01§e o m'o?evt?lgrah e ggb::nlss wherein

eé’'reas Cl asses
ahké sivtainomsdwlatng B(med)lirﬁlreﬁld(lﬁﬂabéutﬁ dpehstiad@tbbeen formulated in
structural simlarity In certai n enbodi nents,

tthesams %qamwsmma%rﬁ@v boRisEUH gdthire thersamekitfmackagen uch as a
i
tﬂ)ﬁls{gﬁggtgc n(g'o : rrenglgltl dgla%%g?h %? Q:o)%égt]e(p E%%Eat‘é@%%& @ﬁntamers
ge.et, lfmhpmmdhais)athau't@ndmmppmm@bd bmi]ye bseradm i gheredte siotuin
O bject in need t I n_anot her enbodi nent
R AT Sy DDA PRUEC SHHEH SHEEE PG Yerels)
amﬂérp531§§§é \Afaka/f&ﬁm?atﬁ)hg JLtHe BirR AR 2B Y compound may be
be.adm nistered with one or nore of the fol ow ng
@drmmatnubsl at ﬂ@wmtm@tmttbtm ghggeréd, peior o, sphssquerdtmorr,
uercet n.ex enb
PSR et W LSRR iR s hste gy
an d/ Oln @6ttdiM iefibo@fménts inidthbdy B AddatiigBevORing or treating
admi ni stered in 25conbination with nicotinic acid. In
zﬁlﬂﬁ??ﬁ‘é or dispisteresieg a sirsin-modulagpa epawppied BeMaliaramprise
¢
I o%&ﬂ%ﬁ%ﬂﬁ@ﬁﬁehﬁéﬁl ﬁ)?gg(rﬁﬁn asﬁ&{l %é fnYmQJ §ﬂzﬂr, es‘ﬂé;rﬁ and/or SIRT3,
fo@ hbﬁmidgg tlepeqo lnveksingi peoteirmianel sl ea:( bB\Mhle\mdrh@nhn‘bducmg into a
@ (a Gprotein antagonist); NF279 (a purinergic
el OBE BF MRFft CAPSTH %fta)nuc SrgY that encodes a sirtuin. For example, the

Q@Veh%iﬂé 9}%1120351 b 1§crte§§eﬁalﬂ%trﬂa}{£§ﬁf18{7@é1r By ﬁﬁ‘fo’&ﬁ&)ﬁé lifto the

acid); (-)- 30epigallocatechin (hydroxy on sit
S ialiin &l a iic)gic geijl-eapidjpg Hecattwohe.g., gafréaatng the level of

al | ate est
ST Bt ot e trlicdese doig Raclife HRLARS SR hn iR She fopth in
e BhahE AkcessRInNG. N 03681 Bd/B€incraSing 1% ledel. 5T SIRT3 by

introducing a nucleic acid encoding the amino acid sequence set forth in GenBank

Accession No. AAH01042.
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WD 2008/ 156866PCT/ US2008/ 007771 hexahydr oxyf | avyl i um
chloride); nyricetin (cannabiscetin; 3,5,7,3 ,4",5"-

wohesanysigoxyf | avone); 3,7,3',4',5' -pent ahydr opyfihasan®orr

10

15

20

25

30

gossypetin (3,5,7,8, 31, 4t. hexahydroxyfl avone),

sirtinol; and splitomcin. In yet another enbodi nent,

one or nore sirtuin-nodul ati ng conpounds may be

admi ni ,&Eﬁ&%{% é’&& Hlap ﬁeinﬁ!{;dlﬁgﬁ G té tal'&gfl ?(pﬁl%géage Fh%gﬂbéuf Rlel of a
t he treatment préventi on Orovari ous di

i sivedit Ghayoencbdd a pmﬁﬂhﬁat icaresst abdalit 30%4, 85%, 90%, 5%, 98%, or
eurode?eneratlve di seases, cardi ovascul ar di se

H%%b enfienl to Hhy, seavincs ofasirBin, &4 uSIR g ?n@{ere%mlﬁ ‘protein. For
aqui ?gz' th?ett{u% ¢ a&li %ncddqngrp €. p%i%merﬂgpgé gﬁ@&s% ’about|80%, 895%,

conb nétlon erapi es comnpri'sing a “sirtuin-nmodu
TR OSAE IBeY, oﬁ@ﬁ% identidal Jo phaclaeaeidtdancading arfiBdilt(e.@n&enBank

LS TR T EEE G
@@6@1%)4&%&9,1? ercla é}&@ bR tﬁﬁ%éfbh*a%s

ereln mnls tlon O one oOr
girefecabhy wotbo ktaingagt lgdnidowtids cmdlhor[sm}) onudteicacid encoding a

t herapeuti c agen er 'n si rt.ui n- nodul. a

oD B it Eaos it hilol IR Risyith, Singg i bridfhation
fdéﬁ&"t'x'oﬁ& ﬁQ%/ '1ﬁblﬁdkehﬁﬁi@za%mﬁ§ 'atWe@H% Obut S@@)ét 8$°C. When using
present within the sane kit or package, such as a

:aabldm egid that benmde@ta tpeotemm thatiis dHangrd frqmae mbﬂetype Slrtuln protein,

d |
SO ProiR PR IE BB ORI i oF olgpini S preferably
vw@bglcﬁlmﬁa@wet &) i9@PHdbRII Hga LATRUIHI A iS bnB ek ceisany to express in

therapeutic agent(s) are in separate vessels). We
L?squgﬁ espien af Gesafr that ivhielogigelly aptivey Far pnlasa W@tem that

9%‘?? GWM t9§? §ﬁ£ﬂ"ﬁh§$l§%€gng'é?ﬁ Rg %gg(%oerl]\{P 036370ﬁ

agger ed rior
Z}‘ﬁefenibﬂ)naiﬂta)ﬂstl'iel‘del’@ﬂfuctmtlhbrédfeTMmrBIsErtwtatd wmedimes refers to

anat her, ther tic ent . odi ment s

FENRGAids B4- 55&39%&6\ f‘@%%%%‘ﬂ“ E\?P@ég? O yrich %ré’a?é‘&%ded by
QYuclbBEIR 750 WSh RY RnBlahik WcBsIRAMN R INNG0 FRBROWRTEHTRY

al so conprise increasing the protein | evel of a

sincempassesthe INAR bmdipg aSWRIT &5 tis] sRFgrada HindmglldRT@ns. drhe core

honol. f.. |l t |

AR BT Rey sl e 0 gt Brokcisils Bido 347 Fpaimank
Re&ForPNo ANPUGI 63170, @hicH akdiaico8BE BeRclaotidds 1894 Mo 159 of
exanpl e, the Tevel of a sirtuin can be increased in a

reaniRank ai’WC@Sl@lqn N9 ML 08 RiS; ihgy abant emiteadidi? foxP3cad| GenBank
tﬁ%&@{sm ﬁ %ﬁbsq%f}% i A9 LRE Rl Rt Mh Ih uﬁeﬁ%des'ﬁ? &858 0Gr

eve I'ntroducl ng erc acid
ensn®Ahk g\ot:ls@uﬂlnma CNM: Ci0d2338] @emﬁ)osnetan{m@ tbids lsﬁaﬂm&xf
AcceSS|on No, 036370 and/or_increasing the le

@?Bgnby\cmsmnrl&a LRIP AP 63 7Ruwhish @rea%icad%%am@ott%é 519% 1538

SECHASTE A SO 05, IEly adn

rfudteince.g; deadehditianscapabilitds) ced be determined Iabcd:rdm gto methods

|ncreas%%the protein level of a sirtuin may encode a

KNOVBIR et is at |east about 80% 85% 90% 95%

98% Qf &% HBRUIR&lts Rethb® BF NBBRE, ﬁxfevéhtﬁigr 5rLﬂeﬁtmg

e.dg., SIRT1l and/or SIRT3 protein. For exanple, th

isshsgis or dtspx:deemwmg agirtue npdotaging compobed may Iaésa@tomprlse
gregmgg ﬁe prote?n level of a sirtuin, such as human SIRT1, SIRT2 and/or

SIRT3, or homologs thereof. Decreasing a sirtuin protein level can be achieved
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5 90% 95% 98% or 99%identical to a nucleic acid
encoding a SIRT1 (e.g. GenBank Accession No. NM

woQb&2i38desand/ or S1RT3 (e.g., CGenBank Accessi opchias2008/007771
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BC001042) protein. The nucleic acid may al so be a
nucl ei c acid that hybridizes, preferably under
stringent hybridization conditions, to a nucleic acid
' Ll d- [ S 0
RSP B IRR AL o ST Ay SR ot
iaed, otle ribybyreltazgdtedtd thedirtuimeshbé ék;ﬁe@ed(uﬁﬁétcem &ﬂoﬁmant
WWhen usi.ng a nucleic acid that encodes a protein. that
inegefives Sé‘it'é‘ﬁtm‘ft?’éfrrF &> wmwwbét ignpt eAPAblsd dendetylating, r%?éf also
i [
el R ek ifple Pufhnl EBBI M STRTR, Aspbd B, Ih LbieRal. 200
| Gelc H}yald 7ecamfbedxsatefklyéraatnmhy algents shat ihybin &ampnyn bm be used.
express in.a cell ortion,. of the ir un th i's
bi o 03}4&@9% fa pRoslildnag, SiEhigpprereins Teyels; alsn ielae Jethods for
%&hﬁ‘&t (%f fﬁ‘{@ V‘!rén%ch 6n SI(BT iRy %c&ﬁﬂga%ﬂﬁﬁ&esﬁb%ds for
No. 0, pref rably contains the core structure
tstﬂxilmmg/dérdmnhmng thet o porali s RN Ay sind etler sndtloodsrkinown in the
aci ds 62-293 of GenBank Accession No. NP 036370, which
&% encoded by nucl eotides 237 to 932 of GenBank
A&gﬁ,@b@% No. NM 012238, which enconpasses the NAD
binding as well as the substrate binding domains. The
core 210 oagnmbndmﬁemthwlmyolapmldeéfaene od eviending thenlpfespan
|ds nk A@ce 363
ARl e sy TR SRt E St g, P blpealie ot e,
@e@rﬁanﬂg ﬁ@@aﬁfsm B f Bieell NMIBARZ SdlulirGeadeuicedilanell g fcking
242 to 493 of GenBank Accession No. NP 036370, which
dheclidertoolcerlarie resEickon. nersasyy thegesistancestt agsHga siress, or

H5E 3R osit AR BY sollach BRYH BB ARdrRAng
enapdend bt;/thla tigtedtbn des 11&1&sbs3th]:56\8:1 ahd/Geaddanity of a sirtuin
Accessi NM 01 t her rotein retains
BreFdy I ox eﬁqarm!%rwl Oéhraent ﬁ@d&@hw HATRRAISE SPABF1RE fhgel
GAth PSirdfl-&itivahifd cAREOIMH. N9 to nethods known in the

art. In certain enbodi nents, nethods for reducing,

pr evenkhemgetbeds deeanbadglesandnraelatswdoo inirease ther aneuyitiod time

t d | ' )
skt By sty SOTR 0 T sl o B R pifnisen, o2 2
IhurRR), Phdy e kept EWe ANéar cuBiuRl Emsyohie KNP IS Yt JedlE aad -
Decrea3|nggg S|rtU|ngprote|n | evel can be achi eved WO

rhogoiadselbpar celrob fecntiated tharelbemi mgy rlsohstirrgtpsl with a
%Hﬁ]\"g n&&luﬂ?gg% hlpOEl?& hggﬂ{négé es t%g 18 g?%\l%/?ﬁ&u%ﬂ& o%%%?r?um
Padteineo kg &ﬁ:S:eHs lof ptd@ngeﬂléreoﬁoqrd@mmaﬁir lmmbbl\t@ds of time.
sirtuin nutan g a nutant that is_not cae&g%e of
Fesk &gy %i‘flﬂlﬁ@ bems?y dprstEnsplaptagign iptg e YRR IEE ght1vo
H@QﬁF RfonSI RT1, described, e.g., in Luo et al. (2001)

5Ce 107 137 can be used. Alternatively, agents that

i nhi bilh ohe ambodimznt,aells drat b&: nsaded to be premvdftbfd)s 1cmgperlods

ngdulatlng sirt¥| protein &ve S ude et qll 1
PoFMedaw Bt ireRjed et siriermy ek forgemad thetdBrgs T love

2hd/oHh&vit gr@{am§nfp%te§1t ik ki 1'?19%' desd ARbbhddNG. % Mlood cells,
correspon and ot her nmethods known in the

aenum, b@al@@paigrswﬂs@sdllanetgn er antissuesenergansh&or exeemle.driood

endi n an o cel.l ,.
BB R an oAl b R Bt dEsulofGRa Maf beefiBa i o
Sireih-Abdamiting cofmpduf®itat irRf a8 the eviehen & aeuway ofh s@tuin
cell, delaying cellular senescence in a cel
n1n1ck|ng the effects of cal orie restrlctlon
I ncreasing the resistance of a cell to stress, or



15preventing apoptosis of a cell, by contacting the
cell with a sirtuin-nodul ati ng conpound of the

WO 2002136ksegn t hat i ncreases the | evel and/or acticyidsgorsioor771
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a sirtuin protein. In an exenplary enbodi nent, the
nmet hods conprise contacting the cell with a
sirtuin-activating conpound. The nethods descri bed
e R T
betuaed bt forensic porppisgaiiag also dePreseevel wsg)a siftain-mediketdig
alive in a cell culture, Epbryonic stem (ES) cel
ﬁpmppblaﬂ B13t 1nceqases thsllﬁyek@m/%r %ﬁ’“f"ttlé Péﬁtstr&t"éar‘ttﬂéf@a\%ﬁ? Is
TR 0% 60 R R B b B P B BL pROAEATRRHRR cels
;fomomlsumpt)onkea@ delhls foomh hsn hmnap) nnagrﬁnylst(mehetsfrneat)mr plant cells
Z bure for | nger periods of tinme. 25Such cells can

Y aﬁéeﬂgéae or transplantation into a subject, e.g.,
af ter exulfeddIREhd EGAPARNS that incredsd )18y & 'EH@RUr HEiVity of a
cells that are intended to be preserved for
gethiingoten rmaynisq@qammedrd@ang devélopmental and growth phases in

irt d.t hat. i

SR Pechr oSBT BT oh BFRT TeE A ofRES Obe
laBcedetaRans doveldpinéhtal Jﬁhﬂﬂ%r&@dhlpﬁocé’sgser um bi ol ogi cal
growh nedia, etc.) or in tissues or organs. For

ex anplle; anptheroembeiment, sutuin-oradatating @pmpdums thafrincrease the
Fgﬁ?’cﬁgr Qc 1v§tg%¥§ yr%mR roqgé r?zﬁlal% rl?s%ﬁgg treat ce ful fo

t ng cormpoun I NCreases eve

aﬂadéplﬁntat@‘dn ot deyl thérapy Sih€ludding, fopleRiraple, mums@ﬁe gragtst dr@an
bl ood cells for |onger periods of tine. Additionally,
kS‘IaB%R!aFtt& 9sH spEReasiPBs Ston ety bowﬁagwenwtcm% glds or tissue

a}ﬁeﬂlt('t)‘%hﬁ Garfal Qi‘ﬁﬁ“ P’“E‘qﬁ dttal o ﬁp‘FHQ defi @ tissue may

reases e1ev and/ o ctivity o aS|rtU|n
;be teteetied . wiht the siroeh-nsoduleingraynpoend peat od t o ext end

eir. life or. protect agai nst apoptosis. i clude
ER s IaR MEATGHicEY FoRParTengy Wi Ak NI BReHISE ey and/or
PSRk AnisBHE/ Aol IRation Mo Rk@)bctChé SellsU#¢Rs @ may be treated
vegetabl es). Sirtuin-nodul ating conpounds that
iprier t@agmowaleoﬂ the e¢llsafmorhdhe é@tqrvmdlyldoﬁl ax givptafienremoval of the
ur I

b and
%51?3 V&r tlss}l] mtﬁod So3B Ewuﬁg} Oﬁtpgs qmiaélgqtgdo ollt,l{z) t%e re01plent For
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oRJ1bSeiRE ghdfSRIGval, such as, for example, an immunosuppressive agent, a
cytokine, an angiogenic factor, etc.

In yet other embodiments, cells may be treated with a sirtuin-modulating
compound that increases the level and/or activity of a sirtuin protein in vivo, e.g., to
increase their lifespan or prevent apoptosis. For example, skin can be protected
from aging (e.g., developing wrinkles, loss of elasticity, etc.) by treating skin or

epithelial cells with a sirtuin-modulating compound that increases the level and/or
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as preventive, e.g., chenopreventive, conpositions.
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Asseciited with geyral %F”s‘ﬂﬁi‘flb Wuqogal?c}@@&%magyrn@us&;*@r cell death or
Qi%ﬂgct'i(ﬁl, %&1%5 Parkinson’s disease, Alzheimer’s disease, multiple sclerosis,
amniotropic lateral sclerosis, and muscular dystrophy; AIDS; fulminant hepatitis;
diseases linked to degeneration of the brain, such as Creutzfeld-Jakob disease,
retinitis pigmentosa and cerebellar degeneration; myelodysplasis such as aplastic
anemia; ischemic diseases such as myocardial infarction and stroke; hepatic
diseases such as alcoholic hepatitis, hepatitis B and hepatitis C; joint-diseases such
as osteoarthritis; atherosclerosis; alopecia; damage to the skin due to UV light;

lichen planus; atrophy of the skin; cataract; and graft rejections. Cell death can also

be caused by surgery, drug therapy, chemical exposure or radiation exposure.
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that can be treated include ocul ar disorders, e.g.,

associated with the aging of the eye, such as

cataracts, glaucoma, and nacul ar degenerati on.
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increasing HDL levels in plasma of an individual.

Yet other disorders that may be treated with sirtuin-modulating compounds
that increase the level and/or activity of a sirtuin protein include restenosis, e.g.,
following coronary intervention, and disorders relating to an abnormal level of high
density and low density cholesterol.

In one embodiment, a sirtuin-modulating compound that increases the level

and/or activity of a sirtuin protein may be administered as part of a combination
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prevent abl e usi ng conpounds and net hods descri bed
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preventing the incidence of age-related disorders,

such as, for exanple, cancer. Exenplary cancers that
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In certain aspects, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein can be used to treat patients suffering from
neurodegenerative diseases, and traumatic or mechanical injury to the central
nervous system (CNS), spinal cord or peripheral nervous system (PNS).

Neurodegenerative disease typically involves reductions in the mass and volume of
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agent or conbination of such chenotherapeutic agent
when used in conbination wth a sirtuin-nodul ating
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SlidblRted Sndutes acadpatiatand Pretbei i vatifia Birthxmddulatihg
actual onset of brain degeneration nay. precede

cpmppends thatipesasedhe Iy ehanljonactiviy ofg SispinRroggin can be used to
i | i but t
A PR S oI BRIy " Par ki noon

di seaseD (PDCNSHlisdridagthantesulth measgvoryHD)s, uauspal bahpkhior,

| ateral 10sclerosis. (ALS;, Loy .Cehri.g' s.di sease),

dFFPOLY ERMEDAR RS biSIn THreab i HeS Ao s e related to
Rhd AR of HeBifRlty S| ARAh Tell P51 RE bEaRBGS R Df COKHIECASNS and their

neuritis), chendtherapy-induced neuropathies (e.g.,
fsopprartingnetivork (veg. ghiat bélishketweeh thens Zidwidoyliest symptoms include

I abet es-i nduced .neuropat hi es d Friedreich;. axi
SR RLBENER SRR LS S Bkt Pl BaRAG. PEORRENs
AN Yy thak résviith Y Siconudiled bbdy ﬂlbOérﬁérﬁs,Q?ldibﬁ_tté%ﬁﬁ, il
15treat these disorders and others as described bel ow,
dyskinesia, and is associated with the death of brain cells in an area of the brain that
produces dopamine. ALS (motor neuron disease) is a CNS disorder that attacks the
motor neurons, components of the CNS that connect the brain to the skeletal
muscles.

HD is another neurodegenerative disease that causes uncontrolled

movements, loss of intellectual faculties, and emotional disturbance. Tay-Sachs
disease and Sandhoff disease are glycolipid storage diseases where GM2 ganglioside

and related glycolipidssubstrates for f-hexosaminidase accumulate in the nervous

system and trigger acute neurodegeneration.

41



AD is a CNS disorder that results in nenory | oss,
unusual behavior, personality changes, and a decline

woi2008/Begeki Ng abilities. These | osses are rel atped/isaodsher771

10

15

20

25

30

death of specific types of brain cells and the
breakdown of connections and their supporting network
(e.g. glial cells) between them The earliest synptons
inclu . j
hongdus ARl 8388 t T IBLY s kY R AT
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tremor,. and dyskinesia, and is assom ated with the

desated with ﬁrtam\meémlpeng fompounds &1 de inNentidnai n t hat

pro du g@ %E% R€al si& §al£éﬁ‘9 QB¢ HABN q {sefids echlH as @rcq}%:feldt-

di sorder that atta e notor neurons, conponents

tJ hleotﬁﬂi@eashat hmmﬁ&E inheatthe @had dow tliseass}g Scedpad Disease in sheep
scl e s anot her n enera%lve

8581s, THAE ine, OB e BREPBHIBHT c@ts. Pykungpodulating
cehﬁbhﬁ‘(fst tH§t| infra&8el thé §vel ?rﬂﬁox%{%%i& G% sHudd Hfo@é}f? ?x?ay be useful
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debiiet $ndlli B RaARy R tdaflohGofditibAX vhidhah @B ARBE aRd with
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SEisufest BaPe Yshcisar Bs MRS il SR GEr e mot likely
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di abetic neuropathy include third nerve pal sy, '
nmononéw pmrh}ylarylmMmﬁntt psirmuh-niqsluéstingdioatpeuing that increases

ﬂ};r%/}?\téf‘aogﬂ%f a%h\P %tq'}f&sggvg gﬂ%gt%{u ] o?}g%gﬁﬁ%cg Uttﬁ{? or ;():revent multiple
25 Bokis RVEY) 2inc RAIHRRPEM g IMS hE nitedkRabtohRItIONIS] andasiRee

to nerves of the peripheral nervous system which nay
be caused either by di seases o#2the nerve or



fromthe side-effects of systemc illness. Mjor
causes of peripheral neuropathy include seizures,
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first thoracic.ro

the nost likely cause. 30l n an exenplary enbodi nent, a
sirtui n-nodul ati ng conpound that increases the |evel
and/or activity of a sirtuin protein nay be used to

AR DL B, P88 B
ARAREIHAHGRTFAUSAHNIGY AIDPF lordgmpesrha agsocngtedanefbwnhns

such as, for example, chrom c_inflapmatory

denyel Ipryg{ awhg@ny}@gpgga@ ﬁytu(r(quﬁ)llatlgg cgwy%at increases
afe I%Q/bla:in%%a' z{&at %f h sirfulih ﬁlg)'ielﬁ *B%fussﬁf’&PGéMhpa% the

sirtuln-no compou i ncreases the vel
ardv/ess inalutding, tryurah dae $o disedss, ipjuoy @inbludimg snegivaedtetve@ntion), or

treat trauma to e 5nerves, i.n dln% trauma due to
Fh¥Egaentpit W{‘?%c?%?tﬁél@u?lﬁ?c}?? ar vent i on), or

envir %%ﬁtﬁbdﬁlﬁﬁ%@o Fo&hds thiét %&Eésé Steval a?ﬁmlabﬁmy ofa

etc.). Sirtuin-no ng conpounds that increase the
|sgteh pandmona)adsm be u;efolf togrevent, Ureat, ;ancbaklewaumynmt@ns bl

\l}l/%?l];)ﬂslj};ﬁg %{esrg: H eat“h@qqgfﬁ:n!egr\él)k)? Sfe%é{gj passes % w1de range

REUIORRIr M wEIRE APRAGSES0RsiNk GEtHe ISR ahl sﬁﬁuaﬂé&mqﬁh@heral
in which the nerves outside of the brain and spinal

c@r\@SpémVp he¢ratlamagedeBeripheeal meurepatuyanasdalsebe rqfbreedto as
ﬁ%ﬂpﬁ%gf né(m[{r% Qrifh 1% %an?/ Elgl:'v\?% Erreral(flgolltvot\if,gﬁ A Pe%rnls ?)Rfélrntgllérro%thy or

@@hmﬁeﬂﬁgﬁﬁym&lgédpolyneurltls may be used PNS
di seases treatable with sirtuin-nodulating c ounds

t hat iFAY¥Y dissases Heatableayidh sighiywedalating P@ryp@fnda ﬂsf}tr“ﬁ?}?fﬁe the
EFéx%‘i Eh(gof G vlﬂt‘}%éjl% | 1l ky?%em 1ﬁ@l'i18§ 1abgt1é”sr gl'ogyaéhgrc?t -Marie-

oot I sease arre Syn rome an
Hloexudisddsey Gpidinin-Barré dyiskzarne and Bradhéal d’éﬁmsd{ﬁurmaﬂhws (diseases
nerve trunks, cords,

oL thesgroyigel and st tgswﬁmgmssnwe frHRKS cordsi %nd qﬂﬂé’ka@ nenye

%asfphﬁémsmewmﬁal fex@sf tuin activating conpound may
be used to treat 20 or prevent a pol ygl utam ne

di seadn angthengrnbedimeot, pgintniarteatidigsoapesnd malylgaised to treat
or prevent a polyglutamine disease. Exemplary polyglutamine diseases include
Spinobulbar muscular atrophy (Kennedy disease), Huntington’s Disease (HD),
Dentatorubral-pallidoluysian atrophy (Haw River syndrome), Spinocerebellar ataxia
type 1, Spinocerebellar ataxia type 2, Spinocerebellar ataxia type 3 (Machado-
Joseph disease), Spinocerebellar ataxia type 6, Spinocerebellar ataxia type 7, and
Spinocerebellar ataxia type 17.

In certain embodiments, the invention provides a method to treat a central
nervous system cell to prevent damage in response to a decrease in blood flow to the
cell. Typically the severity of damage that may be prevented will depend in large
part on the degree of reduction in blood flow to the cell and the duration_of the
reduction. In one embodiment, apoptotic or necrotic cell death may be prevented. In

still a further embodiment, ischemic-mediated damage, such as cytoxic edema or
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syndrone), Spinocerebellar ataxia type 1,

Spi nocerebel | ar ataxia type 2, Spinocerebellar ataxia

type 3 (Machado-Joseph di sease), Spi nocerebell ar

SRR GBS0 AR SRl L lhodimen, the
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a cerebellar stroke. In still another enbodi nent, the
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éﬁpﬂgg‘@ﬁﬂaﬁh !oﬁé‘gr tE4 S{rr acﬁvéﬂo? dénqdrbn%%' 'aHQ

may al so ene |C|al nistere
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In other aspects, sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein can be used to treat or prevent blood coagulation
disorders (or hemostatic disorders). As used interchangeably herein, the terms
“hemostasis”, “blood coagulation,” and “blood clotting” refer to the control of
bleeding, including the physiological properties of vasoconstriction and coagulation.
Blood coagulation assists in maintaining the integrity of mammalian circulation after

injury, inflammation, disease, congenital defect, dysfunction or other disruption.
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20l n one enbodi nent, a conbi nation drug regi nen nmay
i ncl ude drugs or conpounds for the treatnent or
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condi tions associated with these conditions. Thus, a
conbi nation drug regi nen may include one or nore
sirtuin activators and one or nore
FRUHHRL YhORRREHES af meeﬁ eDdces n%ﬁoﬁgqmt Qfé%&hlﬂg&}ﬁ bR of an injury
Di sorders I'n other aspects, S&irtuin-nodul ating
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chor ingly, the present invention provides

ant i cdaguk aspeot) tiaxnahveamtior proowktboh 'mbtlto“deﬁt nelucmgairinhibiting

t inhibitin or mat i on of bl ood ots in order, to
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peripheral artery disease or pulnonary enbo
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of  henpstasis" 10and "regul ati or. regul at.i o
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reduction or decrease) of henostasis.
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da%i‘ér! e§lbn aH(li] hl%?n e f(ﬁ'ﬁ)ggglitl aa%d%néfm%m?@s?é? %1#1 a{{2:¥eased

erlng asir U|n I'ng “conpoun

Phoprasieameformhirohthosts, @pd/aprin@eided inuynbef ofithsornbosery thrombosis
roteipn. The conpositions and mnet hods, di scl osed herei

Er an Efg& g # &mﬂﬁbtepfi@é&m@wdé thigpibpgist anstthggmbosis at Unuisual

theonbotic disorders. As used herein, the term

“thronbotic disorder” includes any di sorder or

condi tlh enotbbragnalddimiere d chynbaaties dm/gereghnmnmamrmiiude drugs or

FpaPuBladar B s Gpanar ProteabbEt ot Sepemlaton dirdgrs r
deRassToRlitidhs 8dsdeiated WiV Ihebdnditions. Thus, a combination drug
regimen may include one or more sirtuin-modulating compounds that increase the
level and/or activity of a sirtuin protein and one or more anti-coagulation or anti-
thrombosis agents.
Weight Control

In another aspect, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein may be used for treating or preventing weight gain
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thronbosis at an early age, a famlial tendency
towards thronbosis, and thronbosis at unusual sites.
I n anot her enbodi nent, a conbi nati on drug regi nen may

i
SR Sblit il abicff pereRmmaY it ahoki il Rt IRRLS Bat ipcrcase the
devellatd/onsctadty od iaairtwin prdthinthapke cwddfar IemlspleThuseat ar prevent
onbj nati_on dru regi nen _may i nclude one or, npr
eFeckinRy. SRS 5t %&ﬁ% OB ERIathbeSHY cOReRE Felged to the
AR a«*rha/dleiuo% & {eﬁﬁ%é"thgrw%‘i jt B Q@gbﬁ&eo% IR or

anti -coagul ati on or anti-thronbosis agents. Vi ght
(ﬁcmtenovveight g;nn e sulsete At s,ub;-ﬂct tnuneed b sudhat nrcrgment may be a

ounds. t hat ease the ] evel and/ a
SRPREIRRS sibire, RED T beatrm obeies oyRRereRl, R fkivist becime
\Wbﬁ!ibtlgtaaslﬁb eé&@w%@%%é ﬁﬁé?@&%&ﬂn&@@&@@é@@@%&gﬁf can be
obesity 1 n a subject. For exanple, sirtuln-nmodul atlnig
o@rp@udd@r tehanpllemaseége farhdy hmm gangfion, dittactivity laye
eré{} profe g uq oh nple, to treat or
lf’nﬁléra |°fé{?’§} %So%oﬁ 1Patg® ea{?é}aobem ty, hormone
r el at gf yeb@hkt smbcigiehiisysift@inatedula@ng EsnBeldR iisd: iiddré438 the
of medi cation, to reduce the weight of a subject, or

flevel aptliepaciivity of asirrn PYRIFIgHRayhe adminisiered by sbjectssuffering
mﬁ g%m%tgs qf%ﬁ%r a ﬁegs%% Qn@ 8%%(%8%%“& IHQ% \blg ﬁ\?\geg ﬁf{n%%:nted by
|préeabtyng Weifghcn)ﬂeuoehe ruBjehBuctSdib¢zed mclde, far exdmlklej })Ilgh blood
to become obese qr. overwei ght can_ be |dent|f|ed

SxespeehyRsssationhighhlaod chplepisr), dysliRdemia e %fhabetes insulin
qgstﬁ%é(ﬁéey Tueyg!i to@%?&aﬁg?ér?]ldsﬂltn?éﬁ% Qro nq’(i)‘_{’/ 'g@é{? disease, angina

‘Nat rons t here yet ot her @ I ment
lectous, mongchnilvaﬁnemg fobnpotols, galﬂattonesn ch@asn&ysttltlrﬂsaridecmﬂehthlams

and a sirt

Haih AreBahintis oSt ug et bR P G PR AP RIS g types of
QRuARK (Hicha3eRSorAHak ORGT bmﬁaté hlaa cORM),RniplRAG &S oI
prevented by pronotin MEIgh 'oss in the subj ect .
Puegnanéys @age@ma&mm@ luctive h@@l&lr(pﬂl@ astingistigploigig gularities,
dnfeeﬁshlf mg‘Xlger t dli‘)lggc!lc? con ro I'e]%lsigurcgl;algls rg:lsnsC o

th&lﬁﬁ@qdemh@ic&{cﬁi’hﬁ?@hrﬁﬁﬂﬁﬁﬂs nﬁsbﬂchcblegical, d1§@ﬂ®ﬂ’s€(!§1)ch%afebression
di sease, angi ngﬁéect ori s, congestive heart failur
satipxdisorgsrs, distonied bodysmags yad lgw §61£ﬁﬂe%b|F§rqlltyhp%mn§S with

K ca%scfe‘é%gltrl %Hi%értrlzyphg %ﬁr{sﬂﬁh 'ré/s?st?ﬁlc% b re% td %melnatlon

respirator ome types o cance such
einetapied fordIDSbr east, prostate, and col on),

conpl icati ons of pregnancy, male re ducti ve
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and/or activity of a sirtuin protein may be used for reducing appetite and/or
increasing satiety, thereby causing weight loss or avoidance of weight gain. A

subject in need of such a treatment may be a subject who is overweight, obese or a

46



251 n anot her enbodi nent, sirtuin-nodul ati ng conpounds
that increase the |level and/or activity of a sirtuin
WOROG Bbsss My be used for inhibiting adi pogenescs/urodkabrr7i
cell differentiation, whether in vitro or in vivo.
Such nmethods may be used for treating or preventing
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be a subject who has insulin resistance or other precursor symptom of type II

diabetes, who has type II diabetes, or who is likely to develop any of these

conditions. For example, the subject may be a subject having insulin resistance, e.g.,
25  having high circulating levels of insulin and/or associated conditions, such as

hyperlipidemia, dyslipogenesis, hypercholesterolemia, impaired glucose tolerance,

high blood glucose sugar level, other manifestations of syndrome X, hypertension,

atherosclerosis and lipodystrophy.

In an exemplary embodiment, sirtuin-modulating compounds that increase

30 the level and/or activity of a sirtuin protein may be administered as a combination

therapy for treating or preventing a metabolic disorder. For example, one or more
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In certain embodiments, one or more sirtuin-modulating compounds that
increase the level and/or activity of a sirtuin protein may be taken alone or in
combination with other compounds useful for treating or preventing inflammation.
Flushing

In another aspect, sirtuin-modulating compounds that increase the level

and/or activity of a sirtuin protein may be used for reducing the incidence or severity
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In one embodiment, sirtuin-modulating compounds that increase the level
and/or activity of a sirtuin protein may be used to reduce flushing side effects of a

vasodilator or an antilipemic agent (including anticholesteremic agents and

lipotropic agents). In an exemplary embodiment, a sirtuin-modulating compound
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staggered relative to adm nistration of the flushing

i nduci ng agent, (4) prior to admnistration of the
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8§€q‘tgﬁﬁ%‘§pﬁ%ﬁx@@p§%§l WRENG G 1@?{mg compounds that increase the level

and/or activity of a sirtuin protein can be used in combination with levofloxacin.
Ocular Disorders

One aspect of the present invention is a method for inhibiting, reducing or
otherwise treating vision impairment by administering to a patient a therapeutic
dosage of sirtuin modulator selected from a compound disclosed herein, or a

pharmaceutically acceptable salt, prodrug or a metabolic derivative thereof.
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Other exemplary diseases include ocular bacterial infections (e.g.
conjunctivitis, keratitis, tuberculosis, syphilis, gonorrhea), viral infections (e.g.

Ocular Herpes Simplex Virus, Varicella Zoster Virus, Cytomegalovirus retinitis,
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treatment of an ocular disorder.
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diseases or disorders in a mammal. Diseases or disorders that would benefit from
increased mitochondnial activity generally include for example, diseases in which
free radical mediated oxidative injury leads to tissue degeneration, diseases in which
cells inappropriately undergo apoptosis, and diseases in which cells fail to undergo

apoptosis.
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subj ect suffering froma mtochondrial dysfunction.
Met hods for diagnosing a mtochondrial dysfunction nay
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associated with mtochondrial dysfunction include
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In certain enbodi nents, sirtuin nodul ati ng conpounds
may be useful for treatnment m tochondrial nyopathies.
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strength
increase in amphtude of muscle contraction, shortening of muscle reaction time

between stimulation and contraction. Athlete refers to an individual who participates
in sports at any level and who seeks to achieve an improved level of strength, speed
and endurance in their performance, such as, for example, body builders, bicyclists,

long distance runners, short distance runners, etc. Enhanced sports performance in
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increase in anplitude of nuscle contraction,
shortening of nuscle reaction tine between stinulation
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%grqegg %&%%d}rrl?gr}ts Is?r?urlr? arg’()edutlz?tlengl c%\lg%louggsdt/hgtr increase the level and/or
activity of a sirtuin protein may be administered as part of a combination drug
therapy with another therapeutic agent for the treatment of viral diseases. In another
embodiment, sirtuin-modulating compounds that increase the level and/or activity
of a sirtuin protein may be administered as part of a combination drug therapy with
another anti-fungal agent.

Subjects that may be treated as described herein include eukaryotes, such as
mammals, e.g., humans, ovines, bovines, equines, porcines, canines, felines, non-

human primate, mice, and rats. Cells that may be treated include eukaryotic cells,

e.g., from a subject described above, or plant cells, yeast cells and prokaryotic cells,
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activity of a sirtuin protein may be adm nistered as
part of a conbination drug therapy w th another
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In another 25 enbodi ment, sirtuin-nodul ating

conmpounds that increase the |level and/or activity of a
sirtuin protein may be adm ni stered as part of a
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10conpounds described herein, e.g., to preserve them
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VR dandibtalhaksesy itenms, e.g., bread. Use of yeast
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production of honey. Generally, the methods described herein may be applied to
any organism, €.g., eukaryote, that may have commercial importance. For example,
they can be applied to fish (aquaculture) and birds (e.g., chicken and fowl).

Higher doses of sirtuin-modulating compounds that increase the level and/or
activity of a sirtuin protein may also be used as a pesticide by interfering with the
regulation of silenced genes and the regulation of apoptosis during development. In
this embodiment, a compound may be applied to plants using a method known in

the art that ensures the compound is bio-available to insect larvae, and not to plants.
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to apoptosis in insects. In this enbodi nent, conpounds
woul d be applied to useful insects, e.g., bees and
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plants. In a specific enbodi nent, a conmpound woul d be
applied to bees involved in the production of honey.
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al so b¥éetusia meahddst @nimgatei ﬂltetﬂlmlrahtde\sptepmngmmbc&ty
25 sirtuin

e vty SrpouaTur arst e P BB F PRI A L Mipe a nucleic
2R 0G0 a%mnéﬂ‘DA%QQ/% nQ-gﬂéEQQ)ndﬁ(&Ed o hedl B@steh@%en free

confenpl ated herein include screeni ng nethods fo
ifdemati Fgi exgmpderpo asshy roay @fgém@ inpizating don @méactmg) a sirtuin
si.rtuin cleic aci

AL RPT 2o uRT g O By BBl 8 i 264 B P et

d@blvnftb @odulate the sirtuin, and monitoring or determining the level of
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30format. For exanple, an assay may conprise
i ncubating (or contacting) a sirtuin with a test agent

wounsgisessendi tions in which a sirtuin can be npdghgbed 007771
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by an agent known to nodul ate the sirtuin, and
nmonitoring or determning the |evel of WO
2008/ 156866PCT/ US2008/ 007771 nodul ation of the sirtuin

! | tb B ab f
PodE R ASGRER B it BE phEATARRL LEFARR KR 0 I absgnce o
ahs test agent. G 1ol déhmdniamed olﬁyl sttatie can be dgeintisedby deteymining

tyl at bst r at | bst t
DDy e 8 8SORTAL e ARy B ieHBdT Feati e meRtides
(»aln}éméﬁ Be Mﬁ@fn‘e@ $ront ﬁXOmEf(ﬁ%@tﬁNﬁéﬁﬁftﬁ@ Prferred substrates

i ncl ude peptides of p53, such”as those conprising an
dodtge p¢;ﬂrdle$<68ﬁ53 Augaag thost mrhgnqnmgmeacreeyjatsd b@t&aﬁ@amculaﬂy

&2%%5'8 Spsiiad Tes HSbyo¢ PNt L gy a5, B€ g Pefidpepice

RUTROL . ﬁtﬂé}%&b!s@atme lﬁép@des%n@ﬁﬁﬁlxh alstshe@M3uhd H4 or
aC| d. Substrates may be fluorogenic. The sirtuin na

Fa aSetfRited Snin@,acRl. RNBstrates mapbe ﬂugmgleh@r Ehﬂf siftgin may ﬁe SIRTI,

%;;%!EﬁT%,Loe%?p%b nant SI &F x g(glgw 5 ?ch)tgl §§§E{ c%;gi)e obtained

Mrdih BEOMOD. ’sm@maaﬁion Maf be cohduttdd ﬁaebbmmndﬁmuﬂéla andioWpped,
fluorescent activity assay/drug discovery kit (AK-500,

B ovoith Risosinamide. T HRAEi fhwreseent ashvity asay/drugedisgoyerikit

(A%t AiroR aeL¥ARN Al yls) ey BRIRUE A S AFRC G of
Ehetylamel Sigfilamaskalyahieadesaiibddna Bitedmtnretiab (200239 sBiol n@Elyem.
be _co ar ed to 15t he | evel of nodul ati on of the
G A0R% Thelpel pf sadpdatiogrofdhesigpingigrap assaygamabe Fgmpgred to
Shedh ERSGRYE!I Y orFTRE YRS, fERE @k&@&&ﬁr&b or n¥iRE @srépgﬁi’ely or
serve as p05|t|ve or negatlve ontrol s Sirtuin or
sseuitancpbdypegagmindadedveibed hereig N\gmth By serva appotisvaer
or ort| ons, t eof . Si nce t has en er.ein )
e onlRlsr SELEGonunGE b asds P el fhelbsifiy ™ prgreins or
I}énhecmltnéféofofsu@h RTHas HERERI WS héRIn mateadtwaﬁﬁgec&ﬁwﬁs appear to
include N- 20term nal portions of sirtuins, e.g.
apigract mthrﬁbe Bctegninys QfSIIle , ProwEIsdor @eRrrihe assastinelmile -
Q&hﬂﬁa@o 10nS orf sil'rtlﬁég E%OU? mino ac1(1$ 1- %%)q Sr F%g %{fgﬁm"l, about
dnp%"i ? ing a“sirtuin

\aintiflo ac1tie$117ag>ent2ﬂ1@lf$m acetyl ated substrate under
condi tions appropriate for the sirtuin to deacetyl ate
the sUBSDESMPOANNGTHhE SHFCEMRSAIRY PHBPHESHI) FBIFFHUNS 3 figtuin with

ga'utggt aggﬁt%lhm a@& ‘ali]éad %L%Sﬁé(t%lunggr (ﬂ)%?hwn@tat}ﬁ%{)ﬂgtetfﬂfthtehs1€rtu1n to

strate, ere wer | evel acetylation o
sitehxsatylatteehé suttstretepn e]sceathsen@a‘ oftthetdseagenagant (i) éetermueng the

o the ab ence t est ent i ndicates th the
19 OE PR ol g S S T A ey SO Vel ot PP Of the
‘%ﬁ@srtl%?ém%h@ bﬂé@@ﬁcel cﬁ‘\fﬁé tef a S%%%arétaielt@ thedbskhte o%up@tegtaag%m

in the presenceo he te agent relative to
aibd eatesethaf the thest agatt sag@mtes dedcetatation biydle siftaing eshtereas a higher

FRETD G b ol GRS e B R e ARARRTE e

abidide of 12 test lapéntiiA@ichtds Wa¥ thetBM agORAKiBRs déacetylation by the
contacting a cell wth a test agent and a substrate
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Methods for identifying an agent that modulates, e.g., stimulates, sirtuins in

vivo may comprise (i) contacting a cell with a test agent and a substrate that is
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sirtuin to deacetylate the substrate in the absence of
the test agent ; and (ii) determning the |evel of
acetylation of the substrate, wherein a | ower |evel of

i i t. X
30EAYL B LBl ERPUTHRTRAG {0 BELRDPARTER 3 ehRe
i HBACatvadert dumtlitione appopriageot thetsirtih & é&cd@hﬁt&‘thﬁl sabstm’ne in
by the sir wher eas hi gher .| evel cetylatio
ohe W?@n%%fts‘gla igsbagent  pd &) dethminipg therjgvel @2@6%%1@%“ of the
rs‘ﬁt?tf'dté/ SviiePeih QQOﬁplsl‘éogl%f%fcetgﬁgoh ©F Eheaﬁlggtfraté E‘fjfh%ﬁ)fr@sénce of the
that the test agent inhib eacetyl ation
desttagemt relAtqzxr wftbe nleskbnselbfthedest agent amndicatet tgnhtaﬂhe tiest agent

tide, f bI fl i-c, :
B S oS P, SOSBlY a RET seBlonor
GAPRFHSR th¥ prdndeT thE elsfsa%eﬁt ABlRETd AR d6ndefShe QE’( agent
acetylation of the substr Substrates may be adde
tindigatks thatithedest @g@é mmhlbm d;¢a0¢fa(b@|ong>yfth@ At Ut pﬂelfQN‘ﬂdt 0
hout . 10
APt BB ShiotiE kot o6 ik sEReeals Bt

ZQQ&MMH heredA. elfh-érrﬁaﬂo@ ﬂ‘kbé’tfﬁﬂfl& doﬁmp&ﬁe dhetc@nls {oydtdithine the
E- acet yl si ne | uor de Lys, or 15Fl uor

g
d@vqygacatﬂmon %f @éﬂ@tﬁa&ﬂ SUhﬁraWStrmy b¢ a edég celinet a

t
SoBghutot G Spb BP0 TR Ll T ot 1ouv
l@Oﬂ:AM evieh eh@e pbdfyrabhyofvralbuoit MOLM e LOM,Mucls ws:akboas 2(10pM A
| ncubation of cells with the test conpound

t%fegrafb gibstiate inay asdylRsddvine & & of-2ehyUysing FAPM%%Y% §dL) or
I ey BRI Aghieih (AR de ST ples [ ARA s
Gechcmtammsm KE$ A ptvésch may be usédiatrcodeeritsasions sangingdosm about 0.01

%%)Jgééu = o%bl?% §§?r)‘9tﬁ)§§teog]ed“3\§’e%w{1 gls'l EM]?HE(? ];t(i)(r)n of cells with
riﬁ’éjtélstaéo%p%uﬁﬁ amll RklsubBtratt Yty B2 IBRBHEBE BHtabeal 10 minutes to 5
Conposi tions 25The sirtuin-nodul ating coggoun S

devtss piséerablyrfer abomhy-Jleours Sruteal B4 innbigs albpalaemk angredass 11

THIRES, 4130 GG OLnIPh Y SHELOA EA 19 BESSRbAR Eror siRT

Sihd euémtesddl blhti%trhl&&‘foﬁ STRID3HIS dsilcarad atsih@lrﬁa)obeyﬁssal to adeaily y

acce table salts and sol vat es may be fornul ated for
tasASIRAL By Viveor exanpl e, injection (e.g. SubQ

IM I P), inhalation or insufflation (either through

the mouth or 30t he nose) or oral, buccal, sublingual,

5t anscfﬂran‘aia,cemﬁ&ﬂIComms&ﬁbm al or rectal

adm ni_strati.on. one enbodi

. A . .
si rt ui TGN AR P S ROSRAY R "Ee%ebedaa?ﬁem gpppefprmulated in a
cgﬁ@énltllﬂnal%ariﬂ%?u§hé %nt‘!"ﬁ?frﬁ%ré Peystctb g@&nf&‘éct&ﬁta@fe%amers or

present, i.e., in a specific tissue, organ, or fluid
(eeclgleptstgD@ganuﬂ¢ @btluspmcprhﬂatmgnompoemds and their physmloglcally

FutoplilE S dofee e FRHICTRERRgS: rRbRRRHGR byohs framete
%ﬂ@cttdi’ﬂ'e(‘gaISqu, INCE¥) | B8 aBSbAINShfRAbA Qeither through the mouth or

the nose) or oral, buccal, sublingual, transdermal, nasal, parenteral or rectal

administration. In one embodiment, a sirtuin-modulating compound may be
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5 Techni ques and fornul ati ons generally may be found
in Rem ngton's Pharnmaceutical Sciences, Made

woRu&issfkng Co., Easton, PA. For parenteral  pcT/us2008/007771
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adn1n|strat|on injection is preferred, including
i ntramuscul ar, intravenous, intraperitoneal, and
subcut aneous. For injection, the conpounds can be

r
AR L) Qe IR . g g et
sisbut, ogganpor fRiidger:, dleol, térebrospihal fadd) dte. mn t he
conpounds. may be fornulated in S?|Id fo

r edi ssYrtyedmadulating eorpperndssarbatampy aﬁ?‘i{ atV(S‘“GEY of modes of
Lagﬂ‘ﬂﬂls rhtfi0 id RidTBe & sferfilcSAd 't(EP;l:eH Q)‘I?‘iiocahzed adnfia{st:Afish.

m ni stration, the %arnace tical conpositions may
tTkbnighes érmlrfmmﬁl,atlbm gmemﬂ;yl reay bafduat sn Reouegtge's, or

RarmasealiE Shfongen SlesgR BUPESE L e SarOn<LA T BT

ﬂﬁﬁl%trgtﬁ)rﬂ i He&fo@ﬂ@ &)?éfél‘ﬂé@ SELINRhE ﬁltlscﬁrﬁfs&har intravenous,
pol yvi nyl pyrrolidoné or hydroxypropyl

rmtlratgpln@:@ielau hod el)bcutadebuﬂ § 0( mjertion) tagtcgmepunds can be formulated

crystalline.c Qr i€
nGaBREPy . F e & PR Sis beifl b aetRao s e goohagHonkcs
%Blu‘ﬁﬂoh'o@ @)m e@hsssbmt%r ﬁﬂ&ﬁht‘&} ¢he caiorh@s ﬁfa?'b@l'foﬂlﬁulated in solid
sodlun1starch ycol ate); or wetting agents
oo gnd r@msylveg Qr pwegled mheediatblyarori@yssd éyggh,lga%@rms are
o] well known in the art. Liquid preparations
ag{Siplgélgﬁgadmmstratlon may take theqformpofp for
exanpl®r os#lladiniHieSaticy thenshaéihaSausipsltdhpositions niayeykenhay form

e_gresented as a dry product for constitution wth
F expmpleniabletsy lazanes. osapeyles prepaicd bysanvesiional means with

gﬂhﬂ:ea{l ls/ra%Eé Ql;le @Xlgféﬁtspsrugﬂ%ﬁ df}é %Sg IE% ??@éel tinised

ans Wt harmaceutically accepta

asaigeistpehdpolgviagpyt®lidendor, h}&imbipirmiyl ﬁ&:ﬁyyluqzl lulose); fillers (e.g.,
el |l ul ose derjvyativ or h ted edi bl.e fa %%;

g?ﬁﬁp%q, frwrﬁﬁry HFsceﬁgloae or 1\,/ r%gen éﬁ)%te) u cants (e.g.,
RARAUROUSarME NMafd &Ssili @) NisinRlgh '&d& I pot&blstar&56€40%ium starch

et hyl al cohol or fractionated vegetable oils); and

;gl}gg)éa’cv)apr wetingeiggnts (engt, hthumlauryl sulphate). The tablets may be

e

Qﬂé}otrakél Ehedf0 fin SEEBF BXdmMigle AR chs A5 T@RVr8REpPeati®ns, or they may be
Prepar ati ons for oral 30admnistration may be suitably

froeseniedtas @ drp Pridust 105 senitatian vith suase oppthep suitabls yehicle
GD%?ERQ HQQ %uch hguld pd'gl?)e[ra@éjx{/% ’ }zllgé; @fﬁ) ?%Ilcbﬂbéﬂtﬂﬁtholﬂeans with

qmanﬁmdﬁcmmcb@tﬁlﬂa\aédmeai suchce Ishspenéldglageﬁthee £osaorbabl

an aer qsol ray.presentation fr suri zed packs

S¥rups AelBtiese é@ﬂvawetswrﬁwerq%eatsql %Mﬁtiﬁ%ﬂ@?ﬂﬂgﬁgaﬁf (e.g.,
Gethin 88 £ RENRINALEe. rdtfbtﬁh Q)'ilof)ily' 9§t@1@eéth§ﬁeﬁcohol or

el
5di chl orotet?gﬁ‘j)lrl oethane car di oxi de” or oth
dtrctiaidted gepstabl moﬂé)eamhlsresmatwep (egs uretlng dr aemyé«pl- t he

osage, unit na det ned b r a va to
JORT S EiFotst 8 st Disih I nEROATLENLIEY ARP Pl i Salts
%agonng,edo?drin%’ anfci%ﬂzve%ﬁe%lﬂgnag%ﬂtsw@t&@b%r@tre be‘fyulfaﬁlbﬁi fr oral
be fornmulated containing a powder m x of
cadrrpmaﬁn@tlcmmajabs suitabiby orpuonaded tmg@cwmledselpwqﬁbe agtive
starch. ,10Si rt ui n- nodul ati ng conpounds may be
f8PW3IAYed for parenteral administration by injection,
e.g., by bolus injection or continuous i nfusion.
Formul ati ons for injection may be presented in unit
dosage form e.g., in anpoules6dr in nulti-dose
containers, wth an added preservative. The
conpositions nmay take such fornms as suspensi ons,
solutions or enmulsions in oily or aqueous vehicl es,
and




15may contain formulatory agents such as suspendi ng,
stabilizing and/ or dispersing agents. Alternatively,

woh0®/@6dssve i ngredient may be in powder form peft/us2008/007771
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constitution with a suitable vehicle, e.g., sterile
pyrogen-free water, before use.
Si rtui n-nodul ati ng conpounds may al so be fornulated in

rectal Lt pas j el: ion
R e I
hasddatigcdongouads onay etcoavementiht dediveglyic did fdes .of lan aerosol
addition to the fornul ati.ons descri bed previously, )
SPFAYRTRSSREYOR AHOPh BreesHirsd Rasks Ry nabylseeWth thayssiodd syifable
I i I : j tions may
D b Hucr Rl EbloRicl A
slitid aosetedustogthane,j carvandisxide ar bther ewitdble gast e sesd afra
injection. Thus, for exanple i rtuin- 25 mqul ati
B Ot HacrR e STt At By b CHEGTIEABY SpOn pirar v i
RtV aRNRBlefe d R Rl 8 Spshfe@an8 X ATRY s 3F @) RIS R Mst th an
an acceptable oil) or ion exchange resins, or as
dphalemgligsudBatabingy derformsulated sontavringx pawter, migsofdhe compound
}BgrinﬁHﬁ soIHbIe salﬁi ﬁoqtroll d rel ease formul a
& SPHEYIE RRYdERask such 95 ]actess & $4'8hbodi ment s, t he
conpo Lﬂlﬁﬁindxﬂwﬁlhtb@@cchﬁ?&iﬂals Gy HeefobAtAdab e fardfieri]
delivery to the central nervous system (CNS) (revi ewed
jadrRRigiration phiaieetionl ogybrbahs irpetisn errongauousgnipsion.
{ : ton i ver.
Frahlion s R ARy BEBLREREER, bilf aSlO fif, 11K chiboules
iof it Acdti-dbseadontadifra 00K 45 a8 ST RO Jositions may take
i njection or intracerehroventricul ar infusion); .
FBFR KA RS SRRERTPRY Selvtiss eramulgient i @lyor aqyedin ahides, and
. r‘ . . . .
TSR bR L Ol iR g fndor dispersing
agdus.heltérabtiedy, thsastivadegredieetmhe be m powtérfatm dor asinstitution
an_agen hat .is itself incapable of crossing the BBB)
R Seplaiidig cekpiienie PSRRTRr T REaIe BB Jehous
t r ans @ithinPAbAAY Sz mpdmdBBRy b ReALRMCIAl rectal
strategies designed to increase the |lipid solubility
spmpasifigensuchas guppassaliesgeticention engmas cgolcablamingent s
to lipid.or cholesterol carriers):. and the transitory
PR BR T bRES T SR BB ol a5 &Mt
di sr uphia@ditioh &S thetforrgulhtions ddieribdif pteii0ns19f siduimembdileding
solution into the carotid artery or the use of a

sPEPeBREany alse be {ermutetad as g drpiPreptraiiog: Stehlong acting
é‘%ﬁgﬁ&ﬁ)megt be advr\%illn(ﬁ:sﬁé}?(g ngrg?{agta?iﬁfl gf:o:r gg%rggfe%gbcutaneously or

el1very system
Atconulicnigtly) o1 by infvenmstdiedingdctipnVEntsi fin ek apkc tirtue-

co unds can also b dm ni stered in the form of )
FOSBLAE caBPRYR Syr_ngyg? E‘Pﬁmﬂ?tﬁ%% 1gblg PRLRIa By dpgphobic
MBI FOToS &l dnl 36l ad Bn ERGIRI in_dnl 339@;95'@@ ﬁﬂggr 28 kCRdIBA resins,

froma variety of 15phospholipids, suc
oha$ ssrisgll soli ederyVataves donéx apide phatspayh g cbiubkessalt.

i pOS s, bei usabl e.for, t he pethod of invention
SoBRRAREEERt RIERSE iastaiel® ncl uai g, but ot
I'i M t g4l céain SHBbHInYEHLS, ANEEIAPoUHAS HEd@Ded hdfelifcan be formulated
uni | amel l ar vesicles and nultil anel | ar vesicl es.
for delivery to the central nervous system (CNS) (reviewed in Begley,
Pharmacology & Therapeutics 104: 29-45 (2004)). Conventional approaches for

drug delivery to the CNS include: neurosurgical strategies (e.g., intracerebral
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Anot her way to produce a fornulation, particularly a
solution, of a sirtuin 20nodul ator such as resveratrol

WOl vati ve thereof, is through the use ®lct/US2008/007771

10

15

20

25

30

cycl odextrin. By cyclodextrin is nmeant a-, 13-, or
y-cycl odextrin. Cyclodextrins are described in detail
in Pitha et al., US. Pat. No. 4,727,064, which is

Li}ﬂ&%fié’%ffn‘?ﬂc&%r%bghtg}é Bpfn%&?ﬁémo%ﬁlag%&dl&oﬂfqhe agent

I gone
| (@), ,ysbduction mﬁ behﬁﬁerwi ﬁ;bloaqyotérmgaummhmnk@mmpnde that
fit into th il e- 25seeking cavities of the

c*y?é@aaéfmlfx rﬁmea%%b%hal cell surfzegapefesulain pompigatien wifhgp agent

SHESP A RaA0S: AL ALl gt dnor e
amslogqntaus iransyortylathiwacarftthe BBBy phaxtrmacelcgfgah stsategiasdesigned to
nelt dosage. fo .are beneficial to patiepts, such as
ABgessRe aish SR afenaseal G g conieaion Weﬁr-§§lupw agents to
é@h bP%&Qstérﬁpé&ﬁlers?oc{nﬂqhéjffmr)f @i@ﬂf&moﬁ ‘6? mﬁﬁteglgtsya%fethe BBB

caplets and Additiondl Iy, fast nelt
flor i evismetindésruptiorairbatos fiemdbe atfedompf i manoitol solution into

SHR IR 4505 bGPy OB S S Rl

Repide)an i mportant role in determning the anount of
taste rraskl ng and the extent to which a patient may
obj ectLipesarngscue a duitheridneg delbiery systene wihich iggasity, injectable.

RQLPRES | Ctﬁe nEHRLSH hLORR (thé‘%ét“duct%%lwc gﬁg%((lant also b o,

prepar arrons conpri se fronta

del@’ﬁmaﬁ:récf @Ithé® fd}ﬂﬂ-ofi Dlipé¥erdeliv oy sYstkfd. Lopdzohi¥s Bye well-known
ght of qne or_ nore sirtuin-npdul atin npounds
&ys%mrﬁféusmlémnﬁhe art. Liposqpesgfisg be rfeeafr‘drr%ﬁm a yariety of

S;ll{oVs pit égl@ﬁtds%ﬂofé%ﬂﬁu&?a ?ﬁfﬁﬁn{iﬁ Qf&o'gﬁlﬁaﬁi cHofines. Liposomes

|nco into a toplca on con a|n|ng a
t@mg:na;labkea%r theméthed of sivgstiver @icbynpass dlkgptoof lpisomles

dr i ni st I Qn _and co I ng_ an uch materjal .
APt iy tegmé%lplfr@me 3 Vestsmiay S pnipallaf ggsicles

s&dqlsulhgnm@y\,gﬁclwe conposition in the 10desired

form e.g., as an ointnment, |otion, cream

m cr oghugdtbéromay gatrodeic 3 fosmulmlpnnparmularﬂma ISleléon,anfdi sirtuin
ri sed of mat,er.i al
BT o SR Tone el o Brry fivefberfal rbraifusdy
tdﬂr@loﬁ@itﬁﬁt Bg c9é168é>&fm fi'@ﬁleﬁii\(ﬁr Eeby y@&ﬁl%@&xthhec @lbﬂéé@rms are
agent or ot her conponent s of t et opl cal formul ation.

Eicameésn detagun Pithh et alopi.8aPatclor4, é%o%rwlusb ishaeerparated

th t
AR S R iR s a1 i Ot S S SRE Bty cqmpounds
j fetrh YnclbsagtDtdiplek &t With agy dﬁlig wegenadlbulotaB it s RaiPpdphile-
waxes, and the |ike. ornul ati ons may be

s6tiang exdtieshfche exdodpxtimemleculd ot i ons, creans,
m cr Oq{%&&l&%ﬁ‘sﬁn@%ngg |o§ dissolving dosage forms are useful for the rapid

absorption, particularly buccal and sublingual absorption, of pharmaceutically active
agents. Fast melt dosage forms are beneficial to patients, such as aged and pediatric
patients, who have difficulty in swallowing typical solid dosage forms, such as
caplets and tablets. Additionally, fast melt dosage forms circumvent drawbacks
associated with, for example, chewable dosage forms, wherein the length of time an

active agent remains in a patient's mouth plays an important role in determining the
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Si rtui n-nodul ati ng conpounds nmay be incorporated into
oi ntments, which 20generally are sem solid

WOROGPRESGI ons which are typically based on petptgfibeidloor771
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or other petrol eumderivatives. The specific ointnent
base to be used, as will be appreciated by those

skilled in the art, is one that will provide for
SR L TR e B0 1 Bl fhdy oHHEAS it

egrittihése € theaictivbagdritke. As with other carriers or

vehi cl es, an oi ntnent base shoul d 25be inert, stable,

noni r rERaENASRYTISACORRSEINSS (ingludlg cosmetic preparations) may

Sohiptise ﬂa&gwoﬁ b%o@? PO SulBYs 6l B‘(Hrte%@t §OELAR1% to

| otions I ch genera y are preparations t be

a9p by exkigla of bae sk inrors sirthasmodilating torhpowdtds @llascrmed hareén.

typically i UId or sem |iquid preparation [

soI i dafﬁé\nff.e odimentcq HefhymeAulaipe Formp escgbfngrem is
@&FSFate'drim% aRpfial Rfmﬁla‘fi%'ﬂ%bnﬁﬂﬁﬁ% k-% A2} fhat is generally
sua suspensi ons 30of solids y conprise a

Is!qucﬂ th topicyl @nglagmmsmatldrf@dmolmpm*mrsutly peterial known in

C RSP, SATROIER B RS G BRIt e
SREr &P, & gu |a§ bR BntmRhi MRfonOtleamNmi@b&huRlon@éIebil, ddlution,
oi | . Cream bases are water - washab e, and contain an

cslirlthqahl_sab, end mayehmommsed ofm maéﬁnaéqﬁ@m nptysalby, ocThering or
% nth té+ 51.1%‘?1& rl? PIg r%?l%at% se?ecité)de ta{t\:%%raxfo g‘gﬁer}sdelg agfgét te

has or's eary
plaseagiaviat difer @irh;bmwgﬁ dfake LR fodimul dioneRLABHISs bhsuitable
oi |, phase in volunme, and generally contains a

Hopietlicarers Hrige BT I uge aieraaleplalmindhp e BRItOHC oaganic
n S e I
SoReter Bckih, RALAPLANTne Wi o RIGTRECRY, tufacids

Smgﬂamnoﬂsduﬁdkm&gwmompmmhﬂehkay be incorporated into

m cro o] which geperal |y are thernpdynam cally
0 abl oSl N ey oS S UpSrEr S oo Re Creams,
|rmg}0%gh}p§1§nsl dndWells, such as oil and water, stabilized
by an interfacial filmof 10 surfactant nDIecuIes

(Ency CSIUpleldnadldﬁtllFB‘I eompamds imzyl beTiaedrpotataglyin{oNantnyents :which
Mar cel. Dekke 992 9). )

§en?rﬂ1l a&%&&ml rPde%%%%l? % ‘i‘ré&f tyRicplhy BIS58 PRmE Ol of
@@&erfpefrmehﬂtdeﬂwwé@;h THE sPRIRS GintrterdbaseSt®HesRbd,ths will be
systens consisting of either suspensions nade up of
@ﬁmeplarqd&ygaﬁ$ecsl<plg¢d ingheart,is woe Pieh sell pyevidadoyr optimuzt deg

AR ColIOLETULER, v ol HId foP RO 4 SHRSLAREL A Cs 05 well, e,

@Eioﬂ;l)enciy\lot mugn: gelwltmmmmmeﬁmweMc&q U00i B tnGadit lbafer should
qui d, télglcohols and oils can be used as the carrier
PF&HFHS eaBpiirTitating andpepsengtizinge agents may al so be

i ncl udeghihnb Q1AL nd§ nfy beFhtporated into lotlgns which

anti-inflammatory agents, anal'gesics, antimcro
ggmmaliy a@mprefanatgals tade aplshedZﬁahd: skbn eunfm withdufiicten, and are

|dan nbl ock.agents.co f ound
BANIERR & s e r e Rer i TR Ry M SOOI i1 Pt flpg the
%E‘t‘i\thr %qéh! @F@ﬁeséﬁ?ﬂ?@%%ﬁ%‘? 8Roh st TR Yre usually suspensions
benzophenone-3), canphor derivatives, cinnamates

oésqjids, @m‘il}lby n@npnxe/@ilqwdrmb'ee)mulsipbeﬁmydll mewhtgnge.
JE oLt tha b
(e 3 oA PR TR SEPET S0h1

gendally &etwdcous liquid or semisolid emulsions, either oil-in-water or water-in-
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25sal icyl ate). In certain topical formulations,
the active agent is present in an anount in the range

wohosazpssexi mately 0.25 wt. %to 75 wt. % of t IpeT/US2008/007771
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fornmul ation, preferably in the range of approximtely
0.25 wt. %to 30 . %of the fornulation, nore
preferably in the range of approximately 0.5 wt. %to

9 e [ ef e A
s S 0 AL i S TR S gl
tdy@eddrphabetlihewil phase is genéaldicomprisedodf pehreladye agdn finey
treated or prevented by, e.g., systemc, topical
iakeqhabeushas cey] etstranl eieokelsthe paiepusphateatsuplyy, although not
3{%@&9 19 ex¥eedthb %ﬁg;hta&é)ﬂl \%ﬁurﬂe,sdﬂgt%%hé}gﬂ LEMERS G hymectant.

evice that releases a sirtuln-nodul ati nﬁ con‘pounal. X
SThetamul sitidtiined ¢ragm donpualatich, tak akplained éaRemirgien sl a, is
and/or, activity of a.sirtuin protein 5 Er;aé be
FENERARY @OMIPIC, SRR Ha CRHATIC WpléQf%"é‘bf% CEnbpht hal ni c
vehi cl SR j: i j ; ' -
cont ac?rt\lfmﬁltjﬁ B?‘IS]IEQ%%H}E? surface elf%?&?b%?ﬁ&f @%g&t?o%r{nﬁlglons,
pelncioderienalfyt drehdrmedgompicaliy steblepsoeopiailly ¢tlbe dsprersals of

and .i nt.er.pal.. regi ons of .the eye, as..for, K exanpl e the

RO SRR LR, SEBeiail 430 Gl apilzed by SBamerayy Him of
aQHaaHs AYIRBlles M dchE1BPSdiR YEPharnfRENEAI TeEHRMSPy (NRWYY ork:

| ens, choroid/retina and sclera. 10 The

?‘Hamﬁrla@eldTer,d&l%Zy.vamghm e opht hal Lnl c vehicle may,
o B g PR SRR S RnBions

Qfhith geretMBNire 8BMIEBYd RYstemk e6iseding] of@thérysukpn@ionb éhade up of
vitreous and aqueous hunour. In_ a further alternative,

tsHealldpeiganis dPartisdss (bwo-phaseriysteasear yga ergnprigmafecudgsc h

| X r ].e . . .
ol ERURRHY b R oo B o il ER R R
hreltteiugh galg doensdrdy ethpicy apuggedicarn ediqiid,i ol @hoBnind didercan be
exanpl e, resveratrol or analog thereof can be prepared
idged s 'i‘?rc?‘l’r@ﬁ?lql’}‘él@lﬂf‘él'f or oral admnistration, such
as CaF@Mglez!lctifvE %gérﬁg h ra’ls_oI B¥included in tg?l!nluﬁitioﬁs,%. g., other anti-
treated ex vivo wth sirtul n-nodul ati ng compound,
caflathmatidyra gérgs, enalgesics andinngobial agentsoaistiffingal agents,

adm nistering a graft to a suhject ich 20 e
FEbbah A, gy ana S SRS daroycouronty Rundin
ISTAMPQNUBRHBIS6SHY inBlubfhe, Butthot 1igMEdQs Pafthranifated; ®enzophenones
general principles in medicinal fornulation, the
partievlatly beegopheranet D, GenphoTiderivpives StvmanGEey (e.g., octyl
PSR sy NP o G R aipgrzot methane)
GasrhinbBgezolduie (BABY ) Bhé@ dérivatiledtheddd, dr@dnmatioyiates(d.g., octyl
Stem Cell Therapy, E. D. Ball, J. Lister & P. Law,

salesildtehi || Li vi ngst one, 2000. Toxicity and
t hera W i S | iz : :
e SR B A ShL ) PR AP Hun

phoreade b Espproxiaekdly OLAStwir. 6 t7S ex e oif tenfoahulnbngreferably in

The LD50_.is the dgse |ethal to 50% of the popul ation.

HHrBER B FRPOREARIY 0 25t ?p&m%‘? whI Pyt e BepiipHon ey,
BheftAB1PARKL AREOBF agfi6x HRREL 1 L@ e WSS, 08¢ fic Athulation,
Ot herdpeutic effect's (LD50/ED50) is the therapeutic
iandeost Biefdrably-imtukngd abappoomoatdis 1 O0hat. Yeschl bwt. % af ge

therapeutic indexes are preferred. Wile

g?‘?’i“ﬁgth%dul ating conpounds that exhibit toxic side
effects may be used, care should be WO

2008/ 156866PCT/ US2008/ 007771 taken to design a

delivery systemthat targets s@gsh conmpounds to the

site of affected tissue in order to mnimze potenti al
damage to uninfected cells and, thereby, reduce side
effects. The data obtained fromthe cell culture

assays and ani nal studi es can be used



5in formulating a range of dosage for use in humans.
The dosage of such conpounds nmay lie within a range of

WwWOQuigsbsski Ng concentrations that include the pPFRSHHIsMOT771
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little or no toxicity. The dosage may vary within this
range dependi ng upon the dosage form enpl oyed and the
route of adm nistration utilized. For any conpound,

the t [ e ' ti :
1 ot dvelian e iR aeBRe R 45, £, STRLAL, topical
fimttanch Bk éxg) edtivnaoti ansittuinerd edid atingg colipoemd, e gy insettiah ofig
pl asma_ cqoncentrati on range that incl in,es the | Cfio o
(pstained felease drvish thatreleascop sirin-modulatigg,sempauid dt sirtuin-

. : i bt o .
FERLRAER Qe R ARt LR UBLACUIR R proten
usgychd delivered iaaqinashadepticdlyeacaepiabla 9phthhlniosebiciay such that

humans. Level s.in plasma nmay .be measured, far ex |l e, .
B4 P 5T BrinB SErarun b RE B AP T U gent time
AefiBd BS AYdW L D RIURd RS Bertdifafd the cBrnealkdnldSnfeal regions of the
therapeutic purposes or kits for nodul ating the
lely€, e Janeainpde thesangeriorstanber, posterposhember, vArdous bady,
conpri se one .20 or, nore sirtuin-.nodul ati C. ounds
SOREs R evfr e oo e, A TR s ARG iRt sclera
CIEhbS8a @aNEFESadceptable tpAtalhid veRiclSmad tor EXenple, be an
conpounds and instructions for use. Devices inc]ude
yitmegeyegeieldaod aing cocansplating material chlt¢rpatiedy,dhegorgpounds
ielyf U D= ul ati . i. '
B s TRE g} bEAEAIPANRIAy Mgy SUBLEElq dfiflus nfiGur. 1n 2
dhrtiker attbiraive, RO LIy Slindd My ey ademibizebréd®s\istentibglly, such as by
i.nvention provides. a conposition of matter conpri sing
ANEIVCROYS 17 rHpsetion, tontreatmgyiefithegYand anot her

ther apﬁﬂﬁﬂngrnmgﬁﬁ%é {:(t}ﬁ?oc‘tﬂﬂ? dOiiebed! ﬁ&%ll’g Hlia% BER{R& fn%kygen

t herapi es and co nation conpositions separate
desageirdones, Fhuixaagdgaeatstrohbt imabopetharvof har be fifepared in an
term "assqci.ated w th. one another’” as used ei

riith GRC e el a0eT For mivar pa g dne

30t og&tdIR! ¢.BF 1RABE LW AR vkl AGiRith-IddRRANAREMPEINE ¢ah be
that it is readily apﬁar ent that the separate dosage
fadmanistared acporditgeie methpds ©ohdmamsiernia gradt torastibiest, yelrich
ooyt hee eomBaiE iemen Tﬁli]ei as(%rert]it nagg tirlﬁe 5 gl} ; lflei:srs]ant drug, e
r%%ul? 2A°6P R ‘gr eg'eP%lB 19 "bacﬁ(ggg ?ogré}uﬁlgr PPA™53 & €&
lRlE18§rinPA ClRorQfen Bl Fﬁnaplets in fleaihel fRackangs, tredder is
connected, separately sealed containers (such as foil

pefarret Gell Therapyiatem Gell Travplsatagepdrencethapy, red (glplar
pflapRiu)TB] EPRORAE0N7, UPTRRT NG IE Uity prss
1189€&nd derpatopoides Senk Cell Ghiapy sE.NY. Ball,Iskpsarak €. Law,

vessel s, .a) a sirtruin nodulator of this invention;
gﬁk&‘r‘g‘)ﬁgfh‘ﬁfl%ﬁ’n%ﬁ@?@wer t her apeuti c agent such as those

descr "Il?)?(ijmffayl 2 ELSeltR éfh@acﬁ%@%irfdi&-ﬁ{ddﬁfhting compotf&s can be
practice of the present nethods wll enploy, unless
deteenivied dyistuhidest mohrme cawiealt proexalurdsan leall quksrenbr exglerimental

bi ol | .culture |l e ar. bi ol ogy, transgenic
Bpmagg i/}:heﬁ?[go 6%&1&(%@?’ !etl.{% é(b ﬁwﬁﬁ)&f ﬁ%’e mw?z}/t% TREEDS0 1s%the dose
EMRALiOAYy e CE iRb6%VifithE PodutRiockOTkE ldbsedfatib Metvideh-toxic and
Such techniques are explained fully in the literature.
gwasapentie effects (LDso/EDso) is the therapeutic index. Sirtuin-modulating
compounds that exhibit large therapeutic indexes are preferred. While sirtuin-

modulating compounds that exhibit toxic side effects may be used, care should be
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exanpl e, Mol ecular Coning A Laboratory Manual, 2nd
Ed., ed. by Sanbrook, Fritsch and Maniatis (Cold

woSpss/Bgseslar bor Laboratory Press: 1989); DNA Cpomiusgeos/o07771
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Volunmes | and Il (D. N. dover ed., 1985);
A igonucl eotide Synthesis (M J. Gait ed., 1984);
Mullis et al. U S. Patent No: 4,683,195; Nucleic Acid

U Qe S e e ro RS Fiic gt gfected
Jissid ip@rdea te tsinindi98 pptentall daniage @ uiinifeoidd datlk lagd,(tRereby,

Fr eshne Alan R Liss, Inc., 1987); Immbilized Cells
%i}r?égectsl RL Press, 1986); B. Perbal, A Practical

(l\?'lblt gg dﬁi%l MAE%%%% e ?ngg(grlﬁﬁg@ fass: %n{l aﬁﬁﬁdlﬁlﬁg e)s can be used

@ fermulatingf erani¥ecf dosagé for uvbiarhlimanms. Chk ldesdgé.of klich compounds
20M |l er, and M Cabs. eds., 1987, | d Spring_Harbor .
[BHOHGVE PR a range ﬂ€6‘§C‘$ I GAPREIERRPNS Pt incligs R ERn wah litie

(oW'ﬁo bxibity. m%ogziﬁel rﬂ‘gg gg&gﬁl{gi’n\/\z*ls %éég%g%d?@dgm@g Qosage

Mol ecul ar” Bi ol og
Pomms smployed end thed8ude; oflddnmdbistriti€@f utbiedr Foreamtyaompound, the

SRR bV Tassan hasiptvat i e EeL el agiys. A
(d68¢ FhapBE fOSUTRED Y amrlafRRIIREAS YcIRERSS cir&Athg AR
Har bor; N.Y., 1986). EXEMPLI FI CATI ON The i nvention now

@enmtrgéwera@lgb yhat emdudes élag [Gso (-] the lsencentratiorealdithe yest

under st pQd refere e t.o the.f.oll owi ng examl . )
SATEREAPER fhi€iGh § RIS el PhitiBtp BELREPGHRTE: fermined in
ickll esltire! $@uh ifor@afibatih BSR&MLtS nddte aBehad y @i uddfidl doses
present invention, and are not intended to limt the

|"h bém@mo ﬂyewis #hplasimg mapbeypegsuied, Fregampla, by high performance

%& (nor phol i nonet hyl )i m dazo[ 2, 1-
azorfl 6 nyl)-2- (' pyridin-3-yQhi azol e- 5- car box

am de (Conpound 1) Preparation of
6-(2-N tro-phenyl)imdazo[ 2, 1- b] t hi azol e- 3- car boxylic
cid éf‘ﬁsy ester In atypical run, 2.1 g of

et hyl Aas@P}(ﬁ‘/ﬁfela'}ﬁ?é?h %rékx%aE%g)ﬁ{tls %xethéxg?hyl (,B;L&ﬁgs%s or kits for

0.0123 nmo was m xed wth
lnmdummgltmgfe\apmmsellbDomdalwlngmpwosso@kamabecqlﬁprﬁbe one
The reacti pn m xture was @tlrre under

gEf‘} ?(S‘%BP‘ TQhHIBHP% CONPOYRLS, £-Fa N RETILIED dPsm* kit may

opfipRilBldshipriabdelicés fF @onthetiddcdBRRUEHQER rp@fmdshﬁld
solids. The filtrate was concentrated to afford 10 g
ofstigetions for use. Devices include syringes, stents and other devices for

rﬁ#tﬁd’dl%cg]gt er&% R/é%c%ﬁgt?_r[gz_fto]m%bcll%l)lal iff ooaI subJec??r bof%lbloodSl essel of
a subject) or applying it to the skin of a subject.

In yet another embodiment, the invention provides a composition of matter
comprising a sirtruin modulator of this invention and another therapeutic agent (the
same ones used in combination therapies and combination compositions) in
separate dosage forms, but associated with one another. The term “associated with
one another” as used herein means that the separate dosage forms are packaged
together or otherwise attached to one another such that it is readily apparent that the
separate dosage forms are intended to be sold and administered as part of the same

regimen. The agent and the sirtruin modulator are preferably packaged together in a
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6-(2-N tro-phenyl)-imdazo[ 2, 1-b]thi azol e-3-carboxylic
acid ethyl ester (14.50 g, 0.0458 nol) was m xed with

wobek/1sksgaf THF and 100 ni of water contai ni ng pé&TAISG008f007771
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NaOH (4 eq). The reaction m xture was stirred at room
tenperature for 18 hours. It was then concentrated.
The aqueous | ayer was washed 20 once with CH2Cl2 and

th. o f' .
ISRy Pocerdufié plybihadallel B Ry RS kYR, fpifla fetaen
icohaineRdisatieas foili outhésadrithe like).tHat@an Be Q&fattd by thesser (e.g.,
m xed with 200 nL of anhgdrous THF along with N

r?é’ttﬁ%I]&ﬁ‘b??@Fq biesigenthe Bvercontaingsss ol ) and cool ed
aga ggﬁ gng&)é{wexﬁ%d%&%ﬁp E%@eﬂt?bn?bﬁo%es D1ft %gﬁlpﬁg nﬁ

react1on mxture was stirre
isemrhlatvhssfetﬂ; afa biewuia mddaBitdr ¢{OhB ingention D& ibb)rambjhenasother

dded as a soI on in_ 30 of ter. The reaction
?W@zmﬁugcwggntm pelhoss d@cegt disephicss i the sbecifigationhen
war ”Edl"ﬂecbrﬁaﬁ:@otf St frfet gvﬁﬁcﬁgﬁf ks othdBwise méhcated

aqueous layer was tracte VVI th The conbi ne
eogamtionalagedmiques o€ celt bedbgyi, téll Ndﬁfﬁé)ﬁmalndﬂanblomgyr amsgenic

fford de d Purjf t . s
FR e DIgEY et QT 4 R G PEn ahishareayifyn the
@ﬁm SR aff élwhc{@&nﬁqu%@ atb &pldiRed Ri1gih 1R IRBRRYE) See, for
i mdazo[ 2, 1-b] t hi azol - 3-y1] - met hanol (;74% yi el d).

Fepc@pakelaMcrbmrﬂegqlgnme r"ph@borntony Manpaln 31 -Edy afla by Szmbrcxéq
' -6 Y1) - i ne:
el e KT SRR B Libatomy Beer: W3RN Glegine

Ivdléraés NEhd [1(BBN1G1owERlell., 1085)d Osigohiv@ebtide %th’éslsqfv[ J. Gait
CH2C12 along with 1 eq of triethyl anine (0.330
e S A Bnghal i Phisst Ne: SGE0 SN Tsicdiesd RabBdization (B.

DR so7 Tt s, BRa Y ARt pfioh ARE BRI O D. Hames
l& Snk Hapgine xts. 3986);1 Gmﬂthhe QCHAGIRal Adik (RohiHreshaiepr Aanikc Liss,
S
457 of B rfammaslipe Bl aed heaaruli RErirembeay; o Pibel 20
Pri@daMGlide Q“orﬂ{o%fcum ﬁé G4 thdirLatR3, WiettRls In Enzymology

triethylamne and 0. 14 ?m)rpho l'ine. The reaction
ifxadensc Rasss slinc;, Ne. )aGen@Emns@an@pmer@f Memm:giahdialls (J. H.

M@eg%ﬁ} b@?y Sglﬂ@ \f/*/ao}]&@ﬁ &%F%@%gg ngri)or tLagora?or')“}J tMel:’lgods In

Enzymology, Vols. 154 and 155 (Wu et al. eds.), Inmunochemical Methods In Cell
And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987);
Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weirand C. C.
Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1986).

EXEMPLIFICATION

The invention now being generally described, it will be more readily
understood by reference to the following examples which are included merely for
purposes of illustration of certain aspects and embodiments of the present invention,

and are not intended to limit the invention in any way.
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CH2C12 and water. The organic |layer was dried (Na2SO4)
and concentrated to afford essentially quantitative

woyhe/Bessb t he product. This material was m xegcwushoos/007771
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mL of 25 nethanol and 1 nL of water along with 200 ny
of sodi um hydrosul fide hydrate. The resulting reaction
m xt ure was stirred under reflux for 6 hours. It was

t r Il ut Wt h

SRR TEPL BRSSP F bbb P Bncor2 1

rbg i G- WA fp hehp-Q - hy kildin28- kathfolBJJcaQrM%MMﬁ@hnd 1

WD 2008/ 156866PCT/ US2008/ 007771 and filtered. The .

fEnepaation gfH-CoNitxatphenyh-inid aga{ Hd bl thiazole-3-carboxylic acid

gﬁ%§€gg§pholln 4-yl met hyl i m dazo[ 2, 1- b] t hi azol -6-y1)-p
'am ne. Preparation of Conpound 1: 5

2-(3-Pyridyl)-4-nethylthiazol e-5-cargNylic acid (0.61

g, 2.8Snnnl was 10 dissol ved $

) nd n1xture was stirrgd

hour Upon coollng, the sol S

residue was dried under q% ac. The acid chloride
was en suspended in 5 nL yridi ne and added to a
m crowave vial charged with

2-( nDrphoIinonethyl)inidazoﬁg,l-b]thiazol-6-
ypaniline (0.87 g, 2.8 mmol) he reacti on was

T eGh S SR DI AT A RASR B

BistHst 0/0923 alol)owsemitdd wigh 28 ndndf wathiyeekhwl kdlone along with 2-

addi tional nethanol. The solid was dried to afford
@r@npo-& pggl%;etgphenone (3.0 g, 0.0123 mol). The reaction mixture was stirred

BBt o 0 0 e LA

Thao%:ﬂomabf the eolidsof The filtrate was concentrated to afford 3.10 gof 6- (2-

Somy PRt irigadalz Tl B5 3ok Rl 3800 Sudt s My

boxpm de was prepared by

Preparation of [6-(2-nitro-phenyl)-imidazo[2,1-b]thiazol-3-yl}-methanol:
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6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester
(14.50 g, 0.0458 mol) was mixed with 100 mL of THF and 100 mL of water

containing 7.3 g of NaOH (4 eq). The reaction mixture was stirred at room
temperature for 18 hours. It was then concentrated. The aqueous layer was washed
once with CH,Cl, and then acidified with 6 N HCI. The solids were collected by
filtration and dried to afford 7.4 g of the acid intermediate. This material (7.4 g,

0.0256 mol) was mixed with 200 mL of anhydrous THF along with N-
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di ssol ving the product (0.16 g) in 10% HC1/ CH3CN (4
m.). The solution was then freeze-dried to afford the

wOo2Mstisédd6 17 g) as a yel |l oworange solid. O hepcsalst®s/07771
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(sul furic acid, nethanesul fonic acid, maleic acid,
phosphoric acid, L-tartaric acid, citric acid, and
mal i c acid) were prepared in an anal ogous manner. 25

D Sorpho B CRNRD 28 b 9751 Mol s9olecip Ona Jaggy
éﬂﬂ@'@%ﬂﬂmtd’l@@ mDeo D28 nfmyxan skled @GadpmactZn mixture was
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In atypic am not hi azol e- 4- car boxyl a
(\ﬂashgen Ozaﬁﬁé’d%tdmb)n wﬁ@etamkle rand Rondentratetly The taydous eﬁ}mﬂ &/as

al on}glyé\q th 2-bronpo-2'-nityoacet ophenone

gextr@%iz‘cﬂ% 2THEe cembnedPreans ayerswige dripd wad 1§W§Q«a and
F &hbéhtrah @l to]ﬁfol?@wescrutllé %ﬁeﬁﬁctt R ACRRMEEY E}?‘ ﬁﬁﬁigr%qhy Cflsco

tenperature and Itered to renove sone
Tiseng a mixtatesofypmatanoetdnhbcasteyaffaded 520 & [6A2enid-phenyl)-

6- (.2-ni - phen [

Hﬂ(‘%"i‘zz?%ﬁ'iﬂ 121?8% Hymegiaae é“%tﬂ?lld) ester (Calc'd for

Cl 4H12N304S: 318.3 , [M+H + found: 319). 10

Preparati on of

[Breparatianw o- pleény 1)2-(Irnmbarpbélin-4-yldiethylaintidaze 2.1} bjtkiakel-6-yl)-

ngl : .

qulefykﬁ'?‘rng phenyl ) -i m dazo[ 2, 1- b] t hi azol e- 3-car boxylic
acid ethyl egtgr (14.50 g, 0.0458 nol) wasiNaken up in
THF (100 m_) and water (100 nl) 15¢pntani ng (7.3

qu i on M xture wag/ styTrad m
NI ours. It was t gficen ed.

y as washed once with CH2C12 and then
agpdHfied with 6 N HCL. Thé& sol Nds were col | ected by
filtration and dried to aff 7.4 g of the acid
i nter Thi s 25
t aken 020 o RS p TR ERY s b 1 RelhapRY ot e, 158
Aiet)hydsdissphaldiing s (2l 8f TH,CO. DaBHw TRl )eqadTdrie@olagné ®.330

0 C. Isobutyl chloroformate
mL). Methanesulfonyl chloride (1 eq, 0.12 mL) was added and the reaction mixture

was warmed to room temperature and stirred for 15 min. It was then quenched with
brine and extracted with CH,Cl,. The combined organic layers were dried with
NaySO4 and concentrated to afford the mesylate intermediate. This material was
mixed with 6 mL of CH3;CN along with 0.33 mL of triethylamine and 0.14 mL of
morpholine. The reaction mixture was stirred at room temperature for 18 hours.
The next day, it was concentrated and the resulting residue was partitioned between
CH,Cl, and water. The organic layer was dried (Na,SO,) and concentrated to afford
essentially quantitative yield of the product. This material was mixed with 6 mL of
methanol and 1 mL of water along with 200 mg of sodium hydrosulfide hydrate.
The resulting reaction mixture was stirred under reflux for 6 hours. It was then
cooled to room temperature, diluted with 100 mL of absolute ethanol and

concentrated. The resulting residue was mixed with 20 mL of 9:1 CH,Cl,/methanol
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(3.35 L, 0.0256 nol) was added and the reaction

m xture was stirred in the ice bath for 3 hours. NaBH4
wo(200B6gh6 0. 0256 nol ) was added as a sol uti on pic/osb081007771

(30 m.). The reaction mxture was stirred at 0 C for

45 mn. It was then warned to roomtenperature and

concentrated. The aqueous | ayer was extracted with

0 14
S Shered Mhertile B R e bt Chmor bR -
tlmla&bp?f ub]thﬁzclm@la) piepgilagiine. Puri fi cati on by
chromat ography (I1sco, using a m xture of pentane/ethyl
acetate) afforded 5.20 g of
[ r m dazo[ 2, 1- b] t hi azol 3-y1] - met hano
Iﬁ‘fé%’ﬂ??’e cf?d}ﬁ@:a'lmdg for G 2HL IN3CS; 245.3 , [MH +
found: 246). Preparation of
4-16- ( 2- am no- phenyl) -i m dazo[ 2, 1- 131t hi azol - 3- yI'yet pyN
| | pi perazi ne carboxylic acid tert-butyl ester: 0l
[6 (2 Nigt r o ﬁﬁg I)-inidazo[2,1-b]thiazoI-S-y%%- t ha A

10 )

QT/ ) was dissolved in =
along » rie amne (0.51 n_, 3.64 N
quonyI chloride (1 eq, O. ZgrﬁE& s added and

the peaction mxture was warmed to o tenperature
an stirred for 15 min. It was then enched with 15
brine and extracted with CH2C12. The conbi ned organic
| ayers were dried with Na2SO4 and concentrated to
afford the nesylate internediate. This material was

t aken 2ofd -RiridylieHaanhylthipaole-atcaripxudie heid (0 & gy Pdnmmel) was
10 %%3?5%5% the n@i‘ ﬁﬁgﬁ'g} (?Hfi%%gﬁ tﬁéexﬁ’l%{rél%'vo @:fﬁ arg& h%{g‘g} (82 °C,

—_—

and s F 00 ature

Beamatd) OthEFh)delﬁleg,mHéscﬂOﬁﬁ@strrah@de(Bﬂﬂ thh eesiRul/4s d}g;d under
r;g:due was partitioned between 20 CH2Cl12 and. wate

Bicg dihie @cldghdendgwagihen guspendediadgnt. of pyridine and added to a
%9&%%% %ﬁe@hérge@mﬁrggr;@?%\fahﬁbmét%w&%@% 1v.§m§%1- ;

e product. This was t ano
(yBalmrLlpe &n87 gat.8mipidl)mTheabamign was tsulsj@dﬁed o hycdooaué frrakation

G T sfiter TRERo1RS B Saorabt it e T ot A sovtge sold

Qs FidRFBd! ARCLsAEY (ethaiiditfHAL RBIHAASIE Urhe KO d RS Wrfeli Mg afford
residue was diluted 25 with water (2 nlL) and extracted

WiX7re ©82¢1d. 4- mhsddﬂﬁzﬁédn@pg@imcunmm@mdm%l hrltheagol-6-
PR DR BRSNS Sl Quilord 0.90 o o

i m dazbk Hdr- da]ttfbmwh-rﬁethymat(hxbEﬁb@ﬁbaﬁmﬁahgzk)mabm{yI1-
ic acid tert-but ester (Calc'd for C211-1271\1502S;
hltbla?,ol- -yl\)@hﬁnvl)r%ﬂmdmﬁyl)thmebaﬁ -gaberaride g eRidedby

dissolving the product (0.16 g) in 10% HCI/CH;CN (4 mL). The solution was then
freeze-dried to afford the salt (0.17 g) as a yellow-orange solid. Other salts (sulfuric
acid, methanesulfonic acid, maleic acid, phosphoric acid, L-tartaric acid, citric acid,

and malic acid) were prepared in an analogous manner.

Example 2: Synthesis of N-(2-(3-(piperazin-1-ylmethyl)imidazo[2,1-b]thiazol-6-
yl)phenyl)quinoxaline-2-carboxamide (Compound 2)
Preparation of 6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid
ethyl ester:
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446- (2- Am no- phenyl )-i m dazo [ 2, 1-b] t hi azol -3

-yl met hyThpi perazi ne-1- carboxylic acid tert-butyl
woesigrsed66. 25 nmmol ) was taken up in 1 nL of pymricaiuseons07771

along 10with 1 eq (50 ng) of 2-quinoxal oyl chloride.

The reaction m xture was heated in a Bi otage m crowave

reactor (160 C for 10 min). It was then cooled to room

tenperature and concentrated. The resulting crude

product was purified by chronmatography (Iscg, gradient

el ution, CH2C12 to 95% CH2C12, 4% nethanol any 1%

triet hyI amn ®Hpurified product '? en S

with a soluti cont ai niMg 1525% tri N _uar ‘

(TFA) in 8_'2 12 (2 m.) for 2 hours. I/t was then

concentra and the resulting refidie was triturated

W th ethyl eter to afford the deswec product as the

5

TFA salt (Cakc'd for C25H23N70S: 469 , [ MtH] + f ound:
470). I HNVR (300 MHz, DMSO d6) 6: 13 (br s, 1 H,
9. 8 (Hn agtypitalHiup, @hﬁi(bmmsothihzbi)e fcboxylal (Qr’ng Q0129 mol) was

Tikeatybigire iy dn0 S RuRi 28 Mipaiong T sadomprh T pgnone

5 I@ I0I gO@Q) 15BBn (T 8Tﬁé"reﬁct'i6ﬁ ?fméthI% \meﬁ@dt{ﬂﬁew&hx tf&el18 hours. It

I'owi ng condi tions: O, nodified wth
I-Wﬁsnh@ emilet mboméelpha@elre alqhﬁitemi te lrmwrrsonfﬁ’/eMbe dol(cB The

T o8 coRePlR B aRed 30 R on it R bR L
) Kh‘i’hizbﬂatﬁ-ca@g_%ylfd ddial Btthéit@'r(UaﬂfH for 05,1, R,048:3 18,3 | [NP+H]+

2008/ 156866PCT/ US2008/ 007771 Exanple 3: Preparati on of
Aowsk: 349 2- pyri di n- 3-yl -t hi azol e-5-carboxylic acid 12-

10 (3[1,2,41triazol-1-yhnethyl -im dazo[ 2, 1-bi t hi azol -6-y1

15

20

) - phenyl | -am de 5Preparation of

Prephoationed iy J(zﬁn(rz-]metniyg ipkidnyd 2 ;1-bjthiazol 2 yl]-héihiahoRz
oIe 0. NO\l To a Rllutlonof

henyl)-| mdazo[2 1-b]ttqzol - 3-y1] - net han
,6=xol ) in dichl ¢—(1.65 L) was
nm., 5.5 nol YOO verat ure. DVF

6-(2-Nitro-phenyl)-imidazo[2,1-b]thiazole-3-carboxylic acid ethyl ester
(14.50 g, 0.0458 mol) was taken up in THF (100 mL) and water (100 mL)
containing NaOH (7.3 g, 4 eq). The reaction mixture was stirred at room
temperature for 18 hours. It was then concentrated. The aqueous layer was washed
once with CH,Cl, and then acidified with 6 N HCI. The solids were collected by
filtration and dried to afford 7.4 g of the acid intermediate. This material (7.4 g,
0.0256 mol) was taken up in anhydrous THF (200 mL) along with N-
methylmorpholine (2.8 mL, 0.0256 mol) and cooled to 0° C. Isobutyl chloroformate
(3.35 mL, 0.0256 mol) was added and the reaction mixture was stirred in the ice
bath for 3 hours. NaBH, (0.97 g, 0.0256 mol) was added as a solution in water (30
mL). The reaction mixture was stirred at 0°C for 45 min. It was then warmed to

room temperature and concentrated. The aqueous layer was extracted with CH,Cl,.
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1030C (2 h). The reaction m xture was cooled to 0C,
and the precipitate was collected by filtration and

woQnéseEe868 vacuo to give PCT/US2008/007771
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25

3-chl oronet hyl- 6- (2- ni tro- phenyl) -
I mdazo[ 2, 1-b]thiazole as a white solid (174 g, 99%
yield). Preparati on of

613&260%%{1% @ﬁ&ﬁ% ll%je:f)’s' ivz]:rezdn%git\;iit}?ﬁgzls'd"Qﬂd%hpéﬂtfaitéai 33%Rrd the

&r@lﬂ pmdumt W}dﬂlflﬁat((ﬂrw tHrOmlahgmﬂh)/-(Isﬁb dwm:g a?mlxtﬂlﬁﬂ éfhi az
ol e

fR?PYaBﬁ@H%?“ttﬁé) %lf&rfl@ﬁ)i ér?ocﬁ 0f1 ﬁz@ nztrajpbﬁlilﬂ):an@a(@@ 14%5}11'«1201-
Thgﬁrng@é% [ (I)g S tur e(g%)lg\%afgrg b e%) Sa@t‘rsg%lhpﬁgﬁ]mund 246).
tenperature overn|ght and then at 350 (8 h). The
xture was, sed through a silica pad, _and the
b beation otel Boraminapbamyifimidaro b ol pamethyil-
t)éﬁzm-gbf"-c%dx?ln%%nd’@?pﬁﬁiw%&gr .ethyl acetate to give
2-nitro-phenyl)
[1,2,4]triazol-1-yl methyl-imdazo[ 2, 1-b]thiazole as a
yellow solid (54 g, 75%yield). 1H NWR (DM§QLd6 400
MHz): 8 5.76Ns, 2H), 7.40 (s, 1H), 7.52 7.68

m 2H), 8.05 (s,

(ﬁl ZﬁlFDN 7. -
(s 2008/ 156866 PCT/ USROG \
Prep n o
W% [1,2,4]Triazo|-1-y|nfth% -1 Idazo[ 2, 1- b] t hi azol -6
R4y -

phenyl am ne:
6-(2-Nitro-phenyl)-3412, 4 triazol -1-yl methyl -i m dazo[
2,1-b]Jthiazole (54 g,'g§65 nmol ) was dissolved in
ethanol (2.0 L). Pd/C (10% 20 g) was added, and the
fl ask was evacuated and backfilled with H2. The
reaction m xture was stirred under H2 at room

t enper[ét(ﬁfléitxpaﬁ@ayl_é)i_midaz@[?lr, b@@hi@nl-ﬁﬂ]ﬂmp?am@isﬂtﬂ*@ﬁ .64 mmol)
R Re A 88 BP0 bb o o0l B o e B o

MtthanssaFoNd TR 00l (1 Rqed.bandl) W ddid¥@ and the reaction mlxture was
2-(341,2,4]triazol -1-yl nethyl -i m dazo

Powedte K Bﬂmatﬁfﬁe%ﬂl shificd doakd @Hye{t e B quenchgl yith
PAERGrbeod PRI Pl compiaedoraapisdayrs syt
(N&1,SO4 and concentrated to afford the mesylate intermediate. This material was
%ﬁ@ﬁﬁ‘r]vtvmglcN ( rlanEt):)g 0¥1|g_V\|/1 tgl%t ogazml%leb tSIillrr?f 03| 646m)r/r:1l(21)_ and
Boc-piperazine (680 mg, 3.64 mmol) and stirred at room temperature for 1 day. The
reaction mixture was concentrated and the resulting residue was partitioned between
CH,Cl; and water. The organic layer was dried with Na,SO, and concentrated to
afford essentially quantitative yield of the product. This material was taken up in
methanol (6 mL) and water (1 mL) along with sodium hydrosulfide hydrate (200
mg). The resulting reaction mixture was stirred under reflux for 24 hours. It was
then cooled to room temperature and concentrated. The resulting residue was diluted

with water (2 mL) and extracted with CH,Cl,. The combined organic layers were

dried with Na;SO4 and concentrated to afford 0.90 g of 4-[6-(2-amino-phenyl)-
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15A m xture of
2-(341, 2,4]triazol -1-yl net hyl -i m dazo[ 2, 1- b] t hi azol - 6-

woyd)s/1spdeeny!l am ne (60 g, 202 mmol ), PCT/US2008/007771

10

15

20

4- et hyl - 2-pyridi n-3-yl -t hi azol e-5-carboxylic acid (54
g, 245 mmol), HATU (154 g, 405 mmol ), and DI EA (132
nm., 800 nol) in DMF (850 nL) was stirred at room

(PBSFL SRR Ay Bl A8 591 SH a0
f(iQatodfor @3, HuisO£3d 4'\115‘1 pMH-BlIg€od(d: guant i ty of wat er,

acet one, nethanol and DCM t o give a white solid (79 g,
79 %yield). The solid was recrystallized fromacetic

| ] at. Na2CO3 solution (1.0 Lx 2),
ag?gﬁr%§§qﬁ¥¥¥¥?b§Fﬁ%?b| (1.0 L), and dried in a vacuum
oven at 76 WD 2008/ 156866PCT/ US2008/ 007771 45C
overni ght to give
4- et hyl - 2- pyridi n-3-yl -thi azol e-5-carboxylic acid [2=
(3[1,2,4]triazol -1-yl nmethyl -i m dazo[ 2, 1- b] t hi azol - 6N¥1 N
) - phenyIFan1de as a white solid (62 g, 62%yield).

1HNVR (DVBO-d6, 400 MHz): 8 2.79 (s, 3H), 5.78 (s, o
2H), 7.22 (m 1H) 7. 35N(m 1H) 7.51 (s, 1H), 7.60

(m 1H), 7.79 (s ) 58.04 (s, 1H), 8.3

(m 1H), 8.41 & J=8.0Hz, 1H), %
1H), 8.86 (s, 7 19 \ 1H) 12.78 (s, 1HN\ N/

ESI - IV5: 1) 521. 4(M+23(Na)). The HCL salt of

4- mePRyl N 2- py¥i di n- 3-yI - t hi azote- 5- car bokyl IN"aci d [ 2-

(3] 1, 2 4] 'azol-l-ylmethyl-im'dazo[Z,T[\I i azol -6-yl
) - Ryl Fani de was prepared 10 by suspending 5.20 g of
the free base in nethanol (350 mL). To this was added
AN HC1 (35 nL), and the m xture was heated until

di ssol ution. The solution was cooled to -78 C and
dried via |yopholization to afford

(o s IS Rl oSt G B p Al in -
-gaihoxplie ayid]tert-buoiyd estell‘@lZSﬁiniOlI Wadl@ken upsn & mylebf pymdme along
solid. 15 Exangle 4. Salﬁ Forggtlon Screeni ng and

cridh henés9 ma phA-quinoxalqy ghloride.c ERe EFFONR REKHICY Bt heated in a
hygtragcﬁr}m%@&a% r&gfﬁs f e %r PRRAURCyds the@e&hxd W {ddm

oric acild, uric aci d, nethanesul fonic
aeingeratrat end cawientratpho$pé msuhlrgo’qrukje protiagt tveasi poiridied dby

Cc:liltécgrhgtogr%lpgy (Iacé:i grrraa(llent e?ctko% C-II:P 812 to%%v b?IgC 4%Sm8tli1anol and
1% triethylamine). The purified product was then treated with a solution containing
25% trifluoroacetic acid (TFA) in CH,Cl; (2 mL) for 2 hours. It was then
concentrated and the resulting residue was triturated with ethyl ether to afford the
desired product as the TFA salt (Calc'd for C;sH,3N;0S: 469.5 , [M+H]+ found:
470). "HNMR (300 MHz, DMSO-dg) &: 13.9 (br s, 1 H), 9.8 (brs, 1 H), 9.6 (brs, 1
H)8.9—-7.2(m, 11 H), 4.8 (br s, 2 H). The analytical HPLC was performed on an
Agilent 1100 Series HPLC equipped with a 3.5 um Eclipse XDB-C18 (4.6 mm x
100 mm) column with the following conditions: CH3CN/H,O, modified with 0.1 %
Formic acid mobile phase. Gradient elution: 5% hold (2 min), 5% to 95% gradient
(11 min), 95% to 5% gradient (0.3 min), 5% hold (2.7 min), 15 min. total run time.

Flow rate: 0.8 ml/min. Retention time = 3.04 min.
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20f ree base were then screened on: 1) Processing,
nmor phol ogy, pol ynorphs; 2) Crystal shape, single

wobh@isesegol ynor ph; 3) Physical stability; 4) @peusdesshorr7

10
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25

accelerated stability (40 C 75% RH); and 255)
Bi orel evant di ssol ution. Figure 1 displays the
Differential Scanning Calorinetry (DSC) results on the
HC1 salt form of Conpound 1, which show snall
endotherm c transitions around 111C and 192C. The
'Imemrpjg BaP'ramrat'ma é)haMah l-2- iﬁﬁdtnaﬁymmtszoLleqMcadw&yﬁc acid [2-
O eneral | oss ht on heatin potent.i al |

o tigseiexii i miiiols Talbaohwd heeslyedt « o
vvater | oss based on the hygroscopic nature of the this
HCl1 salt), but no weight |oss events correspond to the
i Rle pardtioach f3SChicransithylet (2-aitpephenylpsmidazoy¥)l -b] thiazole:
2008/ 156866PCT/ L68§008/ 007771 111C and 192C. Therefore,
these two DSC thér | events appear to be assoCFated

hase changes, and M sug
| ynorphi ¢ T of s w- 70 @

transiti ons
1 salt on/heating. ove 200C, the DSC results
i ndi ca he deconposition of Conpourd salt. 5Figure

2 denonstrates that the free base form of Conpound 1
has a & agpletiemebion@r nire-pheevh-imidaze@d hithigrok &-y1]-methanol

[ t [ r |t
908 9 M e Blabie 083D T DBTPTBAR 45 o
B&@noémﬁéﬁétureSDMFS(O 3i thamae atﬂcﬁed@mﬂpbexmicﬁoremlsmse Wi gtirred at
as.,a single phase (i over the

306F k) r élﬁg%a%\?amué%a wag e%ltﬁ%m P eﬁ aﬁé (BERIFERI RS e
EPRRHEF o KR o ank e (ARIP aRle Bopg"Factyy P (AR bhlens)-
timiddze[ 2t-bthsublstaa a oehitersaddid (tohpp A%t Yoeldge and

processi ng conditions. Since the pol ynorphic

transitions can have significant effects on

P3P Aot @(Zde-@-@h%h&I@@-Il' 1 tpifathﬁyﬂﬁag suprd20251-

it is practical to select forns of the drug substance
ththtiazaleri i ze or 15elininate the potential for phase
tran5|t|on% Therefore, the results fromFigygs 1 and
2takent e?{\' er |nd|catethethefree5b f&r of

|or as a drug substa e\ﬁa S
appa rystalllne form of Coxg

3-Chloromethyl-6-(2-nitro-phenyl)-imidazo[2,1-b]thiazole (64.0 g, 0.22 mol)
was dissolved in DMF (600 mL), followed by the addition of 1H-[1,2,4]triazole
(30.4 g, 0.44 mol), K,CO; (91.0 g, 0.66 mol) and Nal (20 mg). The reaction mixture
was stirred at room temperature overnight, and then at 35°C (8 h). The mixture was
passed through a silica gel pad, and the filtrate was concentrated in vacuo to give a
yellow solid. The solid was washed with ethyl acetate to give 6-(2-nitro-phenyl)-3-
[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazole as a yellow solid (54 g, 75% yield).
'H-NMR (DMSO-d6, 400 MHz): & 5.75 (s, 2H), 7.40 (s, 1H), 7.52 (m,1H), 7.68 (m,
1H), 7.79 (m, 2H), 8.05 (s, 1H), 8.19 (s, 1H), 8.83 (s, 1H).
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Exanple 5: In Vivo Testing 20The purpose of this
exanple was to conpare the efficacy of Conpound 1 in

woabg1se8sd free base fornmulations in two diffeperiysag®er771

10

15

20

nodel s of di abetes, a diet induced obesity nodel (DI O
and the Cb/ob nouse. Bl ood glucose was the main
determ nant through the experiment of efficacy. For

t I

gl JEE0, 0P RSBy RS
Prehyladidecal ories fromfat; Research Diets) for
approxi mately 6 eks until their body wei ght reached

approxi mately 40 N Test conmpounds wer e admi ni st d
daily via /ava t the indicated do
vehi cl e us d antd—6—2%bessS. |
rmuse |gts vvere measuredtvvlcevve

vveek:Nf m ghout the study, mice fram 30gr oup
wer e ‘bi:ﬁd via the tail vein for det e\fzaﬁnati on of bl ood

gl ucose. Statistical analysis was conpl eted using the

JVP préo@-Hitrd-peésil pn-[ 6,2,4] {phkzal- Y\@'[rﬁetﬁylainyill@ﬂ)[bﬂ b]il’ﬁ)lzole (54 g,
2008/ 156866PCT/ US2008/ 007771 a go

déAmnPR orpsidessebis ie ethgaeld(g: OaLhPrdAGt(i %, 38} wa?xaﬁ!ﬂed and the

\fﬁgly as eQacQéte'd %ﬂh %@El@ﬁl@ \ﬂbﬂ ﬁgf Tﬁ@l%tact?dnf rfnﬁ{r&r%%ﬁ/s stirred under

bet ween groups. ce are geneti cal

rHaynat pedra tetpdatnok@udays). dhetrbatioh ack ture ptas thengrassed through a
ortant. satiet rotein that neurol ogically sjgna
A ghtPah R s rateees PEPRTAEEnACHR 19 gWﬁaﬁﬁb?\jéa@d The

%BH‘d % ab HSRQEZY AR Uehaf bl @ g%é 2. (3%?@‘4‘]’@@2@31 §1rﬁ&ﬁ§rlﬁ%dazo 2,1-
(Ob/+); this group should not show i ncreaSed wei ght or

lbodohbytogtenykisiide aﬁaornhlco\heohd)fﬁlﬁeg %4 wictd. of bei ng
on a high fat diet. Conpound 1 in the free base
formwas then tested in the DIO nodel. The results of

tHiepitARa dl4FResyILEpyridgi-3t18nfiz6R-PamdoRyliCRGRAqINd 1

at 100 ng/ kg/ day 10 was simlar to that of resveratrol
é@llmﬂ@rlﬁwlklgmwhyhgwbﬂﬁ%l hithiggol-fryikphenyll-apide:
Conmpound 2 at 100 ng/ kg/ day, which all exhibited
significant reductions in blood glucos m week 2
onwards (Figures 3-5). The results of jhe
gl ucose test for Conmpound 1 was simlar to that/of
resveratrol, metformn and Conpound 2, whi ch$3

exhi bi ted si gni fi cant reductions in blood gl ucos&E®rom
week 2 onwar dd;M5(Figures 3-5). For the Conpourly 1

group as\ﬁgaks 3, the p value wassles 01,
a si gni{ ' ase fromthe™ehicl & ¢ D~ @
the blo emai ned | ower than t i cle—¥or

e k 4 fed glucose test, the N"@W I cance was | ost
fk& mpound 2 and resveratrol . C@&gund 1 dosed at
100 rrg/ kg as the free base showed roved potency

A mixture of 2-(3-[1,2,4]triazol-1-ylmethyl-imidazo[2,1-b]thiazol-6-yl)-
phenylamine (60 g, 202 mmol), 4-methyl-2-pyridin-3-yl-thiazole-5-carboxylic acid
(54 g, 245 mmol), HATU (154 g, 405 mmol), and DIEA (132 mL, 800 mol) in DMF
(850 mL) was stirred at room temperature overnight. TLC indicated that the reaction
was complete. The precipitate was collected by filtration, washed with a large
quantity of water, acetone, methanol and DCM to give a white solid (79 g, 79 %
yield). The solid was recrystallized from acetic acid, washed with a sat. Na,CO;

solution (1.0 L x 2), water (2 L) and ethanol (1.0 L), and dried in"a vacuum oven at
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20i n the ob/ob nodel, as evidenced by Figures 6-8.
During week 1, there is already a decrease in bl ood

wogbezBsescof al nost 60 ng/dL fromthe vehicl e @e@uZ2008/007771
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This trend continued for the fasted glucose at week 2
(Figure 7) as the Conpound 1 group had 158.3 ng/dL
gl ucose conpared to 285.3 ng/dL glucose in the vehicle

Y . t 1y] 2 K¢ -
HLORERIGIE 4 BADR RN Sy i oot e
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4) Open dish accelerated stability (40 °C/75% RH); and

5) Biorelevant dissolution.

Figure 1 displays the Differential Scanning Calorimetry (DSC) results on the
HCI salt form of Compound 1, which show small endothermic transitions around
111°C and 192°C. The Thermogravimetric Analysis (TGA) results indicate a
general loss of weight on heating, potentially associated with loss of solvents (most
likely due to water loss based on the hygroscopic nature of the this HCI salt), but no

weight loss events correspond to the identified DSC transition temperatures at
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1, wherein the conmpound is represented by

ni trogen-contai ni ng heterocycl yl nethyl group; 10R2 is
-Hor -CH3; and R3 is an unsubstituted pyridyl group.
2. The conpound of claiml, wherein Rl is a

093630 S Pressr, SRR P TR bitfrafl QeblsaBpfhs ) Bassociated
1R foRQERr ANEl hat8@Ranges - and Rout® 8dr2kitond bbiwden

wherein RI is a (substituted or unsubstituted
rohymaerphetfounhef the Soyapduoil fesahyh hgatong . Ab@ves2005€, the DSC

SRR RSl RS Pkt S LP ok O

1, 2, 4-Hipir@2Q]eYd oMRErAel 12k Bérecfhasd M@F@&Hgg’usﬁ luthisﬁér _grgle
Fodothemni¢ kevnt at 23690 which is associated with a single, crystalline melting
point. Since no other thermal transitions are observed in the DSC or TGA results, it
appears Compound 1 exists only as a single phase (i.e. no polymorphs) over the
thermal range evaluated:

Potential polymorphic phase changes over the thermal range of 0 - 125°C, as
seen in Figure 1 above for the HCI salt, could lead to changes to the drug substance
under common storage and processing conditions. Since the polymorphic
transitions can have significant effects on dissolution and bioavailability of the drug
substance, it is practical to select forms of the drug substance that minimize or
eliminate the potential for phase transitions. Therefore, the results from Figures 1
and 2 taken together indicate the the free base form of the drug is superior as a drug

substance based on its apparent single crystalline form of Compound 1.

Example 5: In Vivo Testing

The purpose of this example was to compare the efficacy of Compound 1 in
salt and free base formulations in two different mouse models of diabetes, a diet
induced obesity model (DIO) and the Ob/ob mouse. Blood glucose was the main
determinant through the experiment of efficacy.

For the diet induced obesity model, six week old C57BL/6 male mice
(Charles River Labs) were fed a high fat diet (60% calories from fat; Research
Diets) for approximately 6 weeks until their body weight reached approximately 40
g. Test compounds were administered daily via oral gavage at the indicated doses.
The vehicle used was 2% HPMC and 0.2% DOSS: Individual mouse body weights
were measured twice weekly. Every 2 weeks throughout the study, mice from each
group were bled via the tail vein for determination of blood glucose. Statistical

analysis was completed using the JMP program (Version 6). Data were analyzed by
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5ni trogen and oxygen. 8. The conpound of claim?7,
wherein Rl is a (substituted or unsubstituted
non aromati c heterocyclic)nethyl group. 10 9. The
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phar maceut | cal COfT'pOS I1on 1S
Compound 1 in the free base form was then tested in the DIO model. The

results of the blood glucose test for the free base of Compound 1 at 100 mg/kg/day
was similar to that of resveratrol at 1000 mg/kg/day, metformin at 400 mg/kg/day
and Compound 2 at 100 mg/kg/day, which all exhibited significant reductions in
blood glucose from week 2 onwards (Figures 3-5). The results of the blood glucose
test for Compound 1 was similar to that of resveratrol, metformin and Compound 2,
which all exhibited significant reductions in blood glucose from week 2 onwards
(Figures 3-5). For the Compound 1 group at weeks 2 and 3, the p value was less than
.01, a significant decrease frbm the vehicle group. While the blood glucose remained
lower than the vehicle for the week 4 fed glucose test, the significance was lost for
Compound 2 and resveratrol.

Compound 1 dosed at 100 mg/kg as the free base showed improved potency
in the ob/ob model, as evidenced by Figures 6-8. During Week 1, there is already a
decrease in blood glucose of almost 60 mg/dL from the vehicle group. This trend
continued for the fasted glucose at week 2 (Figure 7) as the Compound 1 group had
158.3 mg/dL glucose compared to 285.3 mg/dL glucose in the vehicle group.
According to ANOVA tests, the p value was less than .0001, which demonstrated a
highly significant reduction from the vehicle group. Although the blood glucose
values increased in week 3, there is a significant (p<.01) decrease relative to the
vehicle groups.

A second ob/ob experiment directly comparing Compound 1 as the free base
vs. HCI as well as Compound 2 all at 100 mg/kg was performed. The one week and

two week fasted blood glucose data is shown in Figures 9 and 10 respectively.

EQUIVALENTS
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%@HJ“Q reﬁké?'efﬁy lecgllp%'l'ﬂed by reference in their entirety as if each individual

publication or patent was specifically and individually indicated to be incorporated

by reference. In case of conflict, the present application, including any definitions

herein, will control.

Also incorporated by reference in their entirety are any polynucleotide and
polypeptide sequences which reference an accession number correlating to an entry
in a public database, such as those maintained by The Institute for Genomic
Research (TIGR) (www.tigr.org) and/or the National Center for Biotechnology
Information (NCBI) (www.ncbi.nlm.nih.gov).

Also incorporated by reference are the following: PCT Publications WO
2005/002672; 2005/002555; and 2004/016726.
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CLAIMS:
1. A compound represented by Structural Formula (III):
3
0] S \‘/ R
N
RN
RZ
S\‘%N
\ N /
R (11D,

or a salt thereof, wherein:

R is —H or or —CHj;

R'is a substituted or unsubstituted nitrogen-containing heterocyclylmethyl
group;

R?is-Hor —CHs; and

R’ is an unsubstituted pyridyl group.

2. The compound of claim 1, wherein R' is a heterocyclylmethyl group
containing a nitrogen atom and optionally a second heteroatom selected from

nitrogen and oxygen.

3. The compound of claim 2, wherein R' is a (substituted or unsubstituted non-

aromatic heterocyclic)methyl group.

4. The compound of claim 3, wherein R' is a morpholinomethyl group.
5. The compound of claim 1, wherein R' is a 1,2,4-triazolylmethyl group.
6. The compound of claim 1, wherein the compound is represented by

Structural Formula (IV):
81
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R? (IV).
7. The compound of claim 6, wherein R' is a heterocyclylmethyl group

containing a nitrogen atom and optionally a second heteroatom selected from

5  nitrogen and oxygen.

8. The compound of claim 7, wherein R' is a (substituted or unsubstituted non-

aromatic heterocyclic)methyl group.

10 9. The compound of claim 6, wherein the compound is represented by

Structural Formula (VI):
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10. A compound represented by Structural Formula (V):

7 |
gEe
o)

(VD).

V),

5  or a salt thereof.

11. The compound of claim 10, wherein the compound is a free base.

12. The compound of claim 10, wherein the compound is a salt.
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13. A pharmaceutical composition comprising a compound or a
pharmaceutically acceptable salt of any one of the preceding claims and a

pharmaceutically acceptable carrier.

14. The composition of claim 13, wherein the pharmaceutical composition is
pyrogen-free.

15. The composition of claim 13, further comprising an additional active agent.
16. A method for treating or preventing insulin resistance, a metabolic

syndrome, diabetes, or complications thereof, or for increasing insulin sensitivity in
a subject, comprising administering to a subject in need thereof a therapeutically

effective amount of at least one pharmaceutical composition of claim 13.

17. The method of any one of claims 16, wherein said compound increases at

least one of the level or activity of a sirtuin protein.

18.  The method of claim 17, wherein the compound increases deacetylase

activity of the sirtuin protein.

19. The method of claim 17, wherein the sirtuin protein is a mammalian protein.

20. The method of claim 17, wherein the sirtuin protein is human SIRT1.

21. The method of claim 17, wherein the compound does not substantially have
one or more of the following activities: inhibition of PI3-kinase, inhibition of
aldoreductase, inhibition of tyrosine kinase, transactivation of EGFR tyrosine
kinase, coronary dilation, or spasmolytic activity, at concentrations of the compound
that are effective for increasing the deacetylation activity of a SIRT1 and/or SIRT3

protein.
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